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PREFACE; 


The manufacture of enamelled ware is carried on, 
to greater extent in Germany and P'rance than else¬ 
where. This treatise is from the pen of a German 
technologist of wide experience in enamel works, 
and who is now the chief chemist and director of 
large works in the French centre of the industry. 
The book deals more especially with the process of 
enamelling hollow-ware. It gives a description of the 
raw material used in enamelling; it explains the 
action and the effect of each substance, and states 
the chemical combinations which take place. A 
number of mixtures are given for obtaining given 
effects or colf?urings. The process of enamelling is 
followed up in detail from the mixing, melting, and 
grinding of the enajnel components ; the annealing 
and pickling of the sheets and castings ; the appli¬ 
cation of the enamel ; the burnings, decorating, etc. 
It also compares utensils made of enamelled ware 
with similar ones made of nickel and aluminium. 

J'he book abounds in instructive matter which 
throws much light on the intricacies of a branch of 
jtdustry in which v«ry few people are posted, and 
it is hoped that this En^ish edition will be found 
of great service. 

October l^og. 

lieprinted Manh 1017. 




CONTENTS 


rMAi’ PAC.r 

I. INTRODUCTION ...... I 

II. THK RAW MATERIAI.S ..... 5 

III. PREPARATION OF THK F.NAMEI. . . . 5 O* 

IV. PREPARATION »F THE CRUDE WARE . . 70 

V. 'I’HE PROCESS Oh ENAMELLING . . , 7^ 

VT, FIRINCi 'I'HE ENAMELLED WARES ... 88 

\U. 'I'HE DECORATION OF ENAMELLED OBJECTS- 

PAlNI’INCr ...... 99 

Vlll. DECORA'yoN OF ENAMELLED ORJEC'I'S—PHO'IO- 

CKRAMICS. . • . . *103 

IX. STATlS'llCS AND CiENERAL INFORMATION . HO 

{ 

APPENDIX - SHORT HISTORY OK 'I'HE ART OF 

ENAMELLING ^21 


INDEX 


129 




INDEX, 


A( n> lO! eiiniiicl, 63 
AckIs tor pi'kliJi;,; ( ' I’.dc uaio, 73. 
Addition of\eh!<']e to L-nairici, 5',. 
Additions on }.Mindin.L:, 5f' (’t no 
Af-hrnsti, use of, in drcoration, 

l<JO. 

Aluninui, in ft-l-jpni, 6. * 

AUinmuuiu ulc 11 :\U, 1 13 
AmmojiHini <-ai l>un.iie, 13 
iViitiumn}, 16. 

?\j)pii'ation of tiio j^iound 
en.uiu 1, 70, f 1 
■■ of furilier « o<itN, S’j 
Ar^^uti in cuani' !, 0< 

Aililii m 1 ‘ ivolil' , 11 

B. -\I,y\Nrr,. iinpoii.iDi (• of, in 

V'Ultr,, 53. • 

Uannm clu^)il)ak^ .'9. 

Dlack cti ojkI. ^-3 
lilssi tin li.n e. 53 
lA. 07, 

lUut en.iii'cl. ,21, O2. 
llorad' arid, V 
iiorax, ^ 

iJorder, tiddifon oi, m enanidlocl 
uart', 85, 

Drown eiuiincl. 24, 20. 

IJmihes, removal of, 79. 

• • 

SUlpl’nir, 2‘). 

C. ilciiim djonde, 7. 

C..iil)onalc o! .nmnonuu 13. 
Cti’ininc, 31. 

Cassius, piffj'le ot, 30. » 

( ast non, 44. ^ 

Cause^^^’ niislaUi s, 95 

129 


(i’har^e at melt. 33. 
r ]np|iin.4. '/>. 

CliioniK o\idr, 2f) 

[ii( paiaiioii "f, 27. 
Clnoino-lilhopjapl' 100. 

Elay, addition 03 to f^round 
enanid 58 

analysi-' and roinpos'lion, 36. 
))s romt. i' I, 91 
souircs o!. jX 
!j< atnn-nt of, 38. 
t oal, 41 tV uv/ 

Co ilin^ nai' hinr-., j i j. 

< n.iiine 1)1 i-uamel, appliraiion 
ot, 7<i 

^'oh.dt. 21, 80 

SIlhsTlUlti- lot, 22, Kf). 

Colouis ui-ed *n patnlni^ on 
^ enamel, 100 

j C''aii"'‘'ninn of ?onie enamels. 

Consul I'tMin of fnamel, 84, 86 
; o ,d.. 2'- 

! tMl ks, 97. 

I (aiK idle Ann,IV e, 53 
■ Ciude waie. (leanini;. 72. 
heating. 70. 
pi(khne.*/2. 
piop.uation of, 70. 

C'f)elite, 0 
artitn lal, 11. 

Cupric oxide, 36, 28. 

« 

1)1' OK \ l’K>Nof enamelled wares, 
: 09 v 103. 

neionnation on tiling, 94. 

• Inw ing, 81, 85. 

1 inllnes", 9;. 


9 



130 


Index. 


ELLCTRirAi, pyrometer, 92. 
Ena-iiel, acid-proof, 63. 
blai'k, 24, 63. 
black specks in, 14. 
blue, 21, 62. 
brown, 24 
carmiru., 31. 

coelbrienr of expansion, 22 
consunipuon cil, 84. 
effect ol lngl» icjiijn ratuie on, 
54. 

formiikv, 5! ct seq, 
green, 27. 
giinding, 57. 
lusloais. 33. 
melling, 53 
mixing, 51. 

])rej>,ir,ition ol, 50. 
purple, 3 ' 
removal ot, <^5 
rose 2<i. 

spcLitic gruMly i>k tK>. 
splintering, 56. 

use ol anl'mon\ and lead in, 
17. 

\ KpU I, 24 . 

white, 51, 5S, 63, 66, 
vellou. 29. 

Enamelled ware, decouition of. 

Enamelling, process of, 79. 

history ol, 121. ' 

Enamels, umipo.sition ot. 68. 
Expansion of tiiamel, 22. 
of non, 22 

KEL.fJ'Al<, 6. 

Ff 'Tic oxide, 25. 

Fei’-ons ( hronntc, 29. 

Finng the coated in» nsil, 88. 93. 

deformation during, 94 
Flaus in the crude \care 70. 
Fluorsfiai, 7. 

Fonnui.e for enamel, 51 it seq, 
Furnas es, 33. 89. , 

CLA7.K, 16, i8, 64. 

Gold salts, 29. 
glance, 31. 

reco\ery from waste, 33 


(ireen enamel, 26, 28, 5S. 

Grinding fused enamel, 57. 

Hanu-paintinu on enamelled 
wares, icxx 
colours ii.scd m, loi. 

History of en.iinelhng, 121. 

H\diO(.hloin ai id, foi pickling 
( rude 73. 

tosl (01, 40. 

Ikon (ast, 4i. 47. 
oxide, 25. 
sherl, 44, 
stol.ige 01, 46. 
u>e ot fr.igments, 46. 

Kaoi.in, 36. 

Kill h( n utensils, 1 12. 

Laying on the enaun’l, 79. 

L.e.ul i. iiromate, 29. 
glaze, 18 
oxide, 18 
use of, 1 h. 

l.ignm , < (Mii'o-nion oi, 42. 

Lmionite, 24. 

Lusliou'. enaimis, 33 

the w-oiks, iii 

Manganese peroxide, 24. 

1 Melting the enamel lUiXluie. 53 

1 Melal, stomge of, 46 

; Mills foi grinding fused enamels, 

: 57 

I Mistakes and their causes, 93. 

Mixing enamel, 51 

Mixtures, example^ of, O9. 

Moulds I01 c a.'Amg, 49 

Nu KFi., 22, 80. 
utensils, I 12. 

Night shifts, Hi. 

I 

: OpAt 1IV, 18, 88 . 

I Optical pxromeici, 93. 

I I8m\TIN<; enamelled wares, 99. 

i col<>lll^ used, loi. 
spmy, lOO. 



Photo-ceramics, 103. 

Pickling the crude ware, 72. 
acids for, 73. 
loss of metal during, 75. 
vats for, 75. 

Potish, 9. 

i'otassium carbonntj', 9. 
nitrate', 9. 

Prepru.'Uion of enamel, 50. 

ol tlie LTude \vare, 70 
Purple of ( ussius, 30. 
Pyrolusile, 34. 

Qt’Mil/, 7- 

Krx 4 X]'KATiVK firing 89. 
lf« •moval of enamel, 95. 
Kepair^, 83, 

Rij'^c-colourcd enamels,’39, ;8. 
kmilf, 19. 

^hAt 'i nr.IKE, 9. 

Saud-M.iat lor mde uare, 72. 

. S''.'iling, i./i. 

S(,' 01x1 < oai of enamel, 84- 
Slxx'l non, 44 e/ 

Soda, 9 

Sodium hilrute, 9. 

Spots, 97. 


I spray painting, too. 

Stannic oxide, 14, 30. 

substitutes for, 15. 

Sulphuric acid. 25, 40 
lor pickling, 73. 

Toii'ERAi URE. during prepara¬ 
tion ol enamel, 54. 
i during tiring, 88. 

I during measuring, 91. 

, Tin, 14, 30. 

S( arcity of, 17. 

I substitute for, T5- 
I 'riiamum oxide, T9. 

^ 'IVan^fers, too. 

i Uranii’M salts, i. .e of, 29. 

\ \ I s {01 pi* kimg« rude ware, 75. 
V’ebu.le, .i(UIUu>nof,toenamel, ^9. 
\ lolet (.iKiinel, 34. 

\V \RRS, pre paration of crude, 70. 
Waicr, 39, 

White enamel, 51, 58, 63, 66. 

^ efiVt t of lemperalun on, 88. 

Vl l.LuW en.imel, 29, 58 




CHARLES GRIFFIN COMPANY, 


LIMITED. 


A SELECTION FROM 
CHARLES GRIFFIN & CO.’S 

Scientific ani Technical Publications. 


FULL DETAILED CATALOGUE ON APPLICATION. 




MKHSIJS. (.'IIATiLES GKTFFIN & COMPANY’S 
PU Ill.KUVriUNS may be obuiued tbreiigb any 
Bookhtllor ijt ibe United Kingdom, or will bo sent 
Oil leeoipfc of a nnidtiaiico to eo\er *^'>ii]>lisbed price 
and postage. To pre\ent delay, Orders sliouid be 
iicc«i»pHincd by a f’bique or Postal Older crossed 
“Union of ].ONt)ON and Smitii’.s Bank, Chancery 
Lane Branch.” • 


TelepAono - 
1634 City. 


LONDON 


Telespatns"' 

Explanatus. 


, !2 EXETPR STREET, STRAND. 

M'l’- 52, April, 19U ’«» 


''J 




















CHARLES GRIFFIN AND CO:S PUBLICATIONS. 


aBXFFIK’S EWaiWEEBINa P0BLICATIOKS. 

THE DESIGN OF BEAMS, GIRDERS. AND COLUMNS In Machines and 

Structures. By W. u. atjieuton, .net. 6b M 

BRIDG’: CONSTRUCTION (Practleal Treatise on). By Prof. C. Fiulkk, 

M..lnst.C.E. Kodutjt EnriroN, Jtevlsed, . . - . . . SOs Od 

REINFORCED CONCRETE (Principles and Design). By R. nod E. 

COULSON,. At rti’SH. 

CONSTRUCTIONAL STEELWORK. By A. W. PAiiN^Woimi, • ■ net. los Od 

DOCK ENGINEERING. By Bsvsson (tnninuham. HRruKi* Eiution. Wjtli 

Poklmif PuiU'M and othnr IlluHtratioiiR,.net. 30 Od 

HARBOUR ENGINEERING. By Buvsson Cunninoham. In Lary*'8 yo. Ojoth. 

I’rufufeoly TUustraied,. ... lOs Od 

DOCK AND HARBOUR ENGINEER’S REFERENCE BOOK. In P.» k( l Siz.-, 

Loathei. Fully Tllijs(,r:d.t*«l. Bv Ci'NNlNOn\M. - - - -not. 78 Cd 

HYDROGRAPHIC SURVEYING. By Commamict-S. Mi-sspm. R.S.. - -net 13a -id 

COAST EROSION AND PROTECTION. By K R MArrur\\s, - -net iOfe t<l 

THE CONSTRUCTION OF DAMS. IJ U Mattiiku'-, - At I'y, 

HYDRAULIC POWER AND HYDRAULIC MACHINERY. By Piof. li. 

R'*BlN‘<O.N', M lllbl I'.R. Tltiun Ki-ITOiN, Revised, - . . . net, if)*? Od 

MODERN PUMPING AND HYDRAULIC MACHINERY. V.\ E lo rivu, uvU od 
PUMPING MACHINERY (Steam and Water Pressure). I5> IIknry 

Davkv, M.ltiHt O.K Soo-N)) • - • net. vis nd 

TEXT-BOOK OF PRACTICAL HYDRAULICS. f .1 '’ai.k t (d 

CENTRIFUGAL PUMPING MACHINERY. Bj I'- \\ ^Ain.i \sr, - - n< t lOj. (,d 

WATER SUPPLY: Selection of Sources and Distribution. Bj R B. 

Mmin.PTON, M Inst (’ E . iV*' W’ltli 1‘jatof. Hiid.olh.'j lllusu.di'iiib. - not ‘'S Od 

SEA WATER DISTILLATION. By Ki.ank N-h:mam.\.. . u.i 

THE THEORY OF THE STEAM TURBINE, tn U.v.x .ii-i-n. -ir -Ni, 

ICOTTlnN, - - .. .... , in-i, j ,,c, ,1,} 

GAS. OIL. AND AIR ENGINES. B'i.MvIN', (}i:a\ n.«* smith, and Brn-TAu. 

Fifth EnjTioN, • - . - . . rnd. :".s o-l 

AEROENGINES. IB A. lit i:iM Insl r B si v i mmi Cnn ion. - „.i s. t;d 

INTERNAL COMBUSTION ENGINES. t;y r. w A'm.I';-. .neii: IB-im.ik, 

M.E.. - ... .M-t i-j, fid 

DIESEL ENGINES, land AND MARINE. i’.yPt-.f ■'OriN-. 'h,.n d Bv 

i\ Bui'.MM.n and A Ri-- n. < l'-..d 

EVOLUTION OF THE INTERNAL COMBUSTION ENGINE. JOi-UAi n 

Botj.m;, . - • not t.', (-1 

THE CAS TURBINE ^Construction and Working of Two Aclti.al 
Macliinos). i’y H Bim.7'v\i:tu :ui-l \. P. ruAi.ut.K^. - . - .ua. 7s 

SUCTION GAS PLANTS. By I'K-f. f A r^MiTsi. <i:. onj. Imi-ki.s'H'vn, net. (nod 
OIL MOTORS: Thoir Development. Construction, and Mnn.TKcment. 

Jty (J. i.iK'-M’t.i.n In IBui'tsivtiie t'l *1!' I nlly ll-n .t’-ated. - 'ui. l.">sihl 

BOILERS. LAND AND MARINE. IW r W nivui., rnn'iii l.i-r-n.i in.s »d 
STEAM BOILERS: Their Delects Manaprenicnt, and Conslrnctjon. r.y 

B, . li MrMti' P-'iii.Jii Kt-irn-.s, • .4-. r«l 

OIL FUEL. B'} Kim VM- lUTi.ri. LniTi--'-. lleMvid . -n.d T'-f-d 

AUTOGENOUS WELDING i^y bkas.i^v, \m. i:rr!iAi.n->.\. 

Fon.'I'tJ FniTioN.. - . -tel -m 

SMOKE ABATEMENT. Bv Wm M-’M-'I.min "• itt ^-0 -net. ‘-d 

LUBRICATION AND LUBRICANTS. B.v I Atn ne! rj and li M l>i.,hi,Fv, 

Turruv Eni'I 'lte,.J0U}.'lily IG vised. . - - . - . ml. u,I 

EMERY GRINDING MACHINERY. B.y R B Hn-.n? -s y M Inst.C.E. - net r.i, nd 

THE POWER REQUIRED IN ROLLING MILLS. B-s A. Pl-jt; . - net. l->fi M 

LOCOMOTIVE ENGINEERING. B> \\ P Pr-r'^i-n'w, .\1 Imt ‘ .E Tujitn 

Kl-rrniN, JJeveed Uili>ii ti-.-d. N.‘V. lli.!:li.ifnai.‘. .... ','tK 0<i 

LOCOMO’.'IVE COMPOUNDING AND SUPERHEATING. P.y J. K f-An:v*. . M 
LIGHT RAH WAYS at Home and Abroad. B) il. j,n, m G.st i\K ,. h:s nd 
MECHANICAL DRAWING. By .1 L dA-nfKU. M Se S|,e.>Nj. Kr.ri I-.'-,. - n- t. «d 
MECHANICAL ENGINEERING FOR BEGINNERS. P-y l\. S MolArj,:,. 

Cloth \Villi I3<'IJKistr.itionv Sivonj* KniTloS'. - - . . mt. f.R Od 

BONUS TABLES: for the Calculation ol Wage‘-» on the Bonus System. 

Ky II A lioT.niN-ii, A.M In'<t \! IC . • - • -net Ts M 

TSaFcALCULUS FOR ENOINEERS AND PHYSICISTS. Il\ Pr .l. I:. II, 

■JlMrTa, A M.Infit C E tVe* .Sk<'om> Li»ition, - - • • -not 7 b fid 

MEASUREMENT CONVERSIONS (EngU.-vh and French). « Grapluo Tahicfl 

or fvja/cnni-i on 2'f Plates. Ttv Ptof. 11 11. Smith, A M Ii.vt C.F., A' , • . 7s fid , 

'‘Mathematics AND MECHANICS, bv f .v \ cm'it.-, m s.-, . n-a. 32s od 

PRACTICAL SU'‘VEyiNG AND FIELD-WORK. IB V li. Su.m-.n, At /B-m. 
PRACTICAL CALCULATIONS FOR ENGINEERS. Byr E huuun. A.IU I-bL 

C. E.,and H. A Ooi.idSrt, A M.Inst.M.PI. Tinr.n I-hnrntN, - - ni't. 38 fid 

ELEMENTARY GRAPHIC STATICS, iw W. .r nnAui-.iu.. I) So.. - not. 28 fid 

CALCULATIONS < Jl THE ENTROPY-TEMPERATURK CHART. J5>W..r. 

CiiAWFOitJ>..not. 2s fid 

THE EFFECTS OP ERRORS IN SURVEYING. By HV. lUiioos. M.Sn. In 

Crosrn 8vo. Oiulli^. ■ ^.net. Bs Od 

CONEOnTCHARLES ORIFFIN ^oTTtD., E»SEYSTREBTrSTRANU. 












OEJFFiN's enqinfehjno publications. 


9a Od 
is Od 

4a 6(1 
4s 6d 
^8 Od 
(is IXI 
:5s 0(1 


Ss ()(J 
fis Od 


GRIFFIN’S ENGINEERING PUBLICATIONS-Continued 

TRANSMISSION GEARS. I5y KnwAiiD Bcjtwck, - • ■ . At Prm 

VALVE GEARING, Ry Cuaulks lIUKSfr. SEVKiiTU Edition, 

Wdh Importuiit AptH'inJiv,.nitt 

SCIENCE AND INDUSTRY; THEIR CO-OPERATION. Ry S. II. Illiko- 

WOiri'H, A.H C.HO., JLc. In l'(ick(.t Sue,.. . ^let 

IS5!\!1^-^Y^AMIC PRINCIPLES OF ENGINE DESIGN, liy I. TUmu,s,net. 
ENGINEERING DRAWING AND DESIGN. Uy S. 11 SVklls. Wh So., .u. 

Vol. I —ri’actical tli-anietiy, I'luiic, and Si)li(l. .skvkntii Knirki.N, 

II —aii«J I’ln^nnc Drnwm;; and Fifth EwTiiJ#, - 

handbook ON TOWN PLANNINti. ll.v.l Juuii, - . • » . ,,ot. 

JtliFUSE DISPOSAL. By I’nif E. It. M \TTlTK\\.s ruilv Illiii.ti.'iWd, -net 
CIVIL ENGINEEKING PRACTICE, lly L. Si.ia, lAvi'dit, l Hoo Jliiia.. m l 
THE MAIN DRAINAGE OF TOWNS, liy F. Nom, TAII...J 1 . Fully Ulus., urt. I2s Oil 
5.H OESTRUCTOR PRACTICE. By U. F fiipi.l.liini. Fully lll„«,. la-t. Km Oil 
road MAKING AND MAINTENANCE. By Tili.HAS AlTliUN .Su’um. Ei...i,i.t. ?li) (kl 
OOSTLESS RO.ADS : TAR-MACADAM. By .1 V\ yl,Kl.K Siirj’ll. - - nut. 10s Oil 

MODERN ROAD CONSTRUCTION. By Flll.in,- M Inst.C IL. - iiut, 4» Ikl 

PETROL MOTORS AND MOTOR CARS. B\ K ,vi larKiAM., .snooNli n,-l 1*00 
MOTOR CAR MECHANISM AND MANAGEMENT. By W.)' Adam.'-. 

Burt I--The Petrol Car. Thiiid ....m t 

P.yrt. II Elcctrictil C)tr.s, - - .- • net. 

CARBURETTORS. VAPORISERS. AND DISTRIBUTING VALVES. By 

Ed Bori.Ki: - .. -net. Os od 

VAgORIZING OF PARAFFIN FOR HIGH-SPEED MOTORS, '-j Eduaud 

'Bri.i ii, . . -lU't. 3b (111 

■SCIENCE IN SMITHY AND FO./IGE, By Y 11 .1 m'co.su EDinux. 

iK'i. 18 nd 

the aeroplane. L.\ a. iMid. si,. m\5. KI'Mi-ia .iicl, ns (i,l 

COMPENUIUM OF AVIATION. Ik J-i. id -i'oi. UnKUNi y. To. ket Sue, - net. Us «'! 
THE PROBLEM OF FLIGHT. I'd I'lor 0 rfiArLi:\ .Slc<j\i> LmtkiN, nd. 10b 6d 
THE FORCE OF THE WIND. Ly I'l-A. 11 hiiM j'.t <. n^rij v, D .S( .-net. Sh (id 
TTRESSKS IN MAvSONLY. I’.yPiof Hki:i:klt Ciiatj.fv, I’. Sc., • 
building IN EARTHQUAKE COUNTRIES. !'.> A .M-'NTM .- 
CENTRAL ELECTRICAL STATIONS {DeslFm, Organisation, 

0 MannKomrjnl). Ik c M W.'EfM.sfniAM, A K (' 

ELECTRICITY METERS. 1!^ II (i Sui.riM -.N,. 

TRANSFORMERS. Ik Fiof II. and Tiof D 
ELECTRIC CRANE CONSTRUCTION. I'-; <' W. jnu,. A M.J (\F.. 

ELECTRICAL PHOrOMETRY. Ik )'!of. II M I.e r Pulli lihi<( 

ELECTRO-METALLURGY. Jk k u ma' McMii.lan, I' ! C,. KC S 
Hi>n . a.■(!..» i| .ei'i rrnlarnci! I>v AV l{ (‘oMpri: 

ELECTRICAL PRACTICE^IN COLLIERILS. r.v i- 'ikkN.s 

(’l.itli P'u;’! M Ki iT!u\ IG-M'-i .1 5tli nm. I'l lU > inij.stMlionst 

ELECTRICITY IN MINING. Uv .Mnvi’vOk; * , i: i .... 

WIRELESS TELEGRAPHY. Uv (.t’S'i\v E(ctlii. i;v, Pit 1 > , • 

TELEGRAPHIC SYSTEMS, and Otlior Notes. ):\ i-nt n ri;‘T.- h, 

ELECTRICAL RULES AND TABLES { \ k- i-t.onk <if) -k .c.in Mum. 


- net. :(B fld 
• iH-r. Hu. (VI 

and 

. not. UlK (M 


ffbHur .i AMiF'-oN Mm n |ii>, Koviw. ,i P.h k. i 
ELECTRICAL THEORY AND THE PROBLEM OF THE UNIVERSE. 


lul. 16 s IKI 
net ‘llh 0(1 
not 2.">R 0(1 
nel. lOis (»d 
1 ini'.n 
• tiHl. li's t)(l 
M.E. 

. nel. Th (Id 

- net. lOs (i'l 

- not. Cd 
lu’t.. f,a Od 
aii.l 


\V 1.- ! I N,;i 

THE THEORY OF .STATICS 


Dy a I I'W Vt’ik I'arcii Ei-iTior 


Itfl. fij! Od 
[5y 

rii t 15s Od 
lift. 10“ fid 


WORKS BY W. J. IVIACQUORN RANKINE. LL.D., Sec, 

Civil ENGINEERING (A Manual ol). Tvu.NTV-l'ot uto F-'TI] in - U’.b Od 

A MANUAI. OF APPLIED MECHANICS. NiMtn NTii^Mri.-s. - - . od 

A MANUAL OF MACHINERY AND MILLV^’ORK, ^}.\vk\u Kf'HU.N,. j^s m 
A MANUAL OF THE STEAM ENGINE AND OTHER PRIME MOVERS, 

sMKNrKi.M'M . ,o. 

A MECH^ltirAL TEXT-BOOK: A Simple Introduction to the S»udv 

ol Mechan'es. i'\ ITot l! vnkjm r.r'd*’. F i.Mna.K. F!mi rnrrtoN. Oh Od 
USEFUL RULES AND TABLES: For Arthitec't*;, Binlders, Enirlneers 

Foimdors, Moehanios, Shipbuilders. Purveyors, &,c. iCKiiiTirr.mTuV, lOs fid 

WORKS L^Y PROF. A. JAMIESON, IW.InSt.C.E. 

STEAM AND STFAM ICNGINES lAdvanectD. ‘’'KVknti v.sth - • 10 “ fid 

applied MECHANICS AND MLXHANK'AL ENGINEERING. \''l. T.- 


'iKf.h lit .Si V«>1 

llydniulica, ■>«. N o). V - 


Altplied VhvliiMiio, ( .f i), t. \oi ]J 

III ^Tlu -n id SIiihm.ih- 1 ., i ,8 •’Sol I\ 

Thi'orv of MiicloiKh. 7 s (id. 

HEAT ENGINES: STEAM, GAS, AND OIL (Elenicntarv Manual on. Fun;. 

TOFSTll I'.DiriOD, ii. Iib.'.l uli't l.illliU'i'il by B S AllllnUb, B.Sc., . . |„t 

MAGNETISM AND ELECTRICP'Y IPraolical Elementary Manual oil. 

ViNJTl) Vl.l'ltliiw * •' 


38 Od 


Ninth Ki'i'niiN/ « 

APPLIED MECHANICS (Elefhentary Manual of). Tkntii Ei>moN. llcvlsed 
hy£. S. S 'ldi’iMvs, r, Sc. - - . • 


- 38 6d 


tONDON : CHARLFS GIOfFIN & CO., WB.. EXETER STREET. srllANn. 







OHARt^ES ORIFFIH CO.'S PURRICATWNS. 


THE DESIGN OF STRUCTURES: 

/. PracUtJ.a Treatise on tho BuHilnfr of Bruiues. Roots &c. 

nv s. an(;lin. c. f... 

l.Ml.ni.il .... ’"f" ' .:i- ... 

...M- - i). ipn"_ If , 1, ..,-1. I ’.“ii ■ -'.r-a-- 

l<n. ,i I ■ ».u>i _> is it wn'. tm.-i I ' ai . 

‘fi K"'i- y >'Li ; in-'j .ini -ilt-h-''.!, 

*-F.v. ?i*a Jo:.!’- -iMiH'.m'- I'm.Imu' .at'' ■ -i '- • 

I ihs-i' u' 1 % -m; ' Ml). ' . 1 “ ■ • ^ ^ ^ I 

- \\ It..i r • ■ ir ’ ' t'if ' " ' 

Jill llll’l,.'- - - '• 1 C. ( I >'^ !.• V 

4 ■ . I. ...1 Its. 11'-.(1 i^is \> -1; II-1 ■IS''-. '■* ^li.iiian >--f »' >■ 

- - —— 

.’iHAV-l-" t n'f r Mir'--',.. - "< - A ' ' 


lu !.a>'s4'' t'l I' ■■' ■' 


I • 


Wn-; '’'l I'n' 


0 ;.. 


AS iSTROlil'CtlflS TG THE DESiGH Of BEAMS, 

GlRDEP.o, ANB lOLUViN'. 'H MAGHiN^S AN-J ?lf.bCUii;ES, 

Ss in Gt.i-a.i;: Pi'-uso. 

WlsLIAM a. Ali'.i.UTsN, MA. . Ai 1 Mi.ru.K 


X -M" Ilf i' 
t:\-. P! 1 -f' 


VI 

Iti, ■!■ - .V'"' 


t oi . • a f "i , 


I 1,1' 


A PRACTICAL TPEATISE ON 

B ’ 'I ID G E C O N S T R U C T 11 J N 

iji-;, p ’ ',-H ' R !' I: ( "i -irai't'nii of I’l i>- Ec'O’ ^ Gee!, 

"’r'f/, ait-It = .'■h;; ttioi'itOiS. 

; as.-i LS'iiK i sai-i-i.. 1\1. i;j' ■.c:,i 


i.. I . • ,-.i, 


I 


Air I !!'' !•! I ' ‘ 

'.I" ■ a ■,!■ I t -tiP' Pi' ‘i--it ■'! t I 

- i' T ’, '." I '■''' " > ‘ 

t. l-’.M P'i L;-//. V 

Ur. , U'M la.li” - '•! 

' I 1-. Ill '• '* ’va I “ 

■ '' ' a 


1 ' 

A'.•a, i.l 


t u "i-"’' - 
!,. f ii ■ 1 f 'll 

<>, . .1,. . 

! i, - , -a ! 


i I , ,T, < , ' .H ’ •,!! tR "-rru*' 

i.,a •! iM t -■■ p - II. (M'O: •,•■ 

'i. • 1 I ii, • I d Ki’" 

y, ( ,. ri ,■! I V ""I l-r." ■'-iM'lii-. 

nk Ul! ‘’'I'lA ’'f ‘.Uric ■ ('..S! 'M’OIi*. 

,! V , 1. III. 

/'..'PI ' 


lOMXiN : ciiAU!.r,s S.RII m & o»., rm., rxiaoui s'fRiu-a, strand, 




ENOlNEEHim ANU M ECU A NWS. 


5 


Third Enniov, 'rh.'-rou^hiy A't'Visc.i hhJ Ef!hir^>;cJ. J’/>. \-Kv\-t22'J. 
ll'i/h to riaiei anii otho H’w-inUtom. JliXfidso.ne Chth. z^i. net. 

HYDRAULIC POWE.R 

AND HYDRAULIC IWACHtNERY. . 

I’.v llhKkV i<(U;lNSON, K.r,,s„ 

yn uw fiP • ; . ,s '■y..-* yvpy!'-; ,,(r cit/ii i NCiTiufK.NC 

• !:!!.<>'. me KTC. • 

C '•?' U ’J !'■. 1 I' 'IJ- (I ; < >1).. 'r- - r;- W 1(1 1 t',', 11', ii J- A'*' «!k 

- l’»' •ij.i i. !* . i i •) ' '\. >ii. ii' I .L. J.! ■'ill'. • 'ii< f ii ',ii«' . — C. 'ii'i’.a'ik 

— 3i-w.-',-., U’r D,.'-.- fii.uu.-. 

?hr..’-'ii : oi’,5 ! i." i. ' I ' I, 1.' ' ' •)!<' i . ' ; ‘ ' 1’ n 1 1',.' ' t ■. - - I k i' ai.tt 

--('.U' {>i-'\cr , i . i',,r 11 ■. I'yi"'..!. 'i 'I. ly .tj': '■> !'O'If 

.’l.if'-s, ll''*-' , . 1,1 , 1 .1 ,'<■ — 'll' I ’ .5 ... 1 1 .1 t“’ " i, ' .•' (< , 1■' 


THJ. r*nn'tr;.irLE:5 a?:d colstj'uction or 

B U M P I N C M A C K K4 E R Y 

(STEAWf AND WATER PRLSSUREJ. 

V\’th ‘ID-. *'■ F->i!’vI's «!■'! Fv?in' iqij'.iii'i 'o 

i; '• ' I ‘ i .'•a' , «1 h<. FAO?’'HV)y 

.'in.i It d)' \}.l. t -fn'ry. 

il!-''vKV ' s\ i N' T 1v'Tprii 1',. ,vi , 




CENTRIFUGAL PUMPiNG MACHINERY. 

= V.. ■ \ !m. t \N'; 

I" s"-!-, ' . !l ■ ■ 1 . t a 1 f I -t -. 1 '. . 1 , .,t 1 ' -.'I' ^in 

- p, t <(■ 5' - -ani.r'i • ' ti.i • ^ ^ DMti- 'f’l-• • ! ' 1^ ka 

' .1 1 ' ' ii' - - ’ '"f f 11 1 tj'l f . ,,i' 1.(1 c > ■’•fraputtc 

M'C'i. ; i'-1 11 I <1 ' ;>''k I • ''•li'. 1-1 ' 'I ‘ Vi’" ], I’lirjp! 

ar • ' t'l \.! - 1 '.. 1 . ’ 'I l.'i'iJ ..111 t 

‘ , i.i.r fT I r 'r 1 ’ '' ' i’’.. Iri'l'\ 


WBESS pyteffic SM BtDRftBUC iW.CHlKERY. 


{li'W 


til 




1 :■-] 


1 , r . i- 


II I'.i ! ' * iimni"., 

V. si/'-'-tk* i I t- ' ‘ <1 '‘.I ; ^ a V mm- n i'i, u. l.-i'ia- 

.'Dli' t'-i ■ t). --I'lil I ''.1.! "'I I 1," l".-i If ’ S’i iv- i’lUiips, 

I'T" P.f .1 I’l .'.I.'-. . ' V. I'1' - lull’:; '■ ''-i'N'r'. . In'-!,!' pi'.im-'/ 

T'.r ‘t f' -M’l t ‘ !i( ' \ ' I' - ill ■ 1; • I' I 1 ''lull" I .lii ’ Alt a 1.5 I'at.i} - 

^ 1 ! .'I -1- I’li.'i tu .1 ’iT-'i-i.ri i; f 'l. -m ''''P l.ii'i'• '1 Hit'! 

uaii't 1 I| j" 1-5 ’ y ! { ;• ; I r- ' ii'i'Mi lUJ'i i'livl'USC 

(‘ii"ii> i''.i> 'll' ) • >1.,' .'1,1 1' 'i: luiil '. I 111'.- 

-'.lAi'i..I Mr. dll' lii.’i- "<1 I '"I'll Via..” \ ..luia i\ 

I'liisu a.”.'! \ tit r I ( ■ - i'll ’'S n r. . , , Uit.ir^ i'-Ml'.i! ai^' 

SIhl Vi'i], l-J'f'" ! '’‘l- . 1 ' 'll*.".a J'U ' -'.ti i i. .'1 1 ’!• i[* ll- ir.U’ii' l'ii\'t'7 

'iMuvF' iN'-ts 

'■ TLife wnrk It u .I'.-'ku.,' . ^M'li iXi'i.!i'';t 'll.a -il'un'UtaL dia- 

.^rams’■ - Tunrf >>i, -...//vii.; ‘'i ".h-n ♦ 

s-y ff'sij Pra.lk|l Hy/lrauf'cs fc? Minlnc Students. V.ur .1 J'vni. p. .'i,'. . ly 

LONDON : CHAKIl'S*UlUl'tlN L t(l.. III)., llNiiTgR STKCHr, STRAND 






I ' 'll A HI,bis OHIFFIX <t OO.’H PFKIIOATIOXS. 

Ill Mdilutii. S\o. Wuli -SOO IVii-i't; ,111(1 ovfi lOUO llliti.1 

('I'lth. 'iot-. net. 

ft mANUAI. OF CIVIL ENGINEERING PRACTICE, 

Sf,u:ialiy A,,amvil for th,' Uec of Muoicifai anti Coui’iij Emiinecf,. 
lly t' 'I AYiiOi;, 

(cNTrM- i(i.l'-.il. 1 M.'li,,-> l(.(iu v.iti.'.llii - Mlli iir,, -cnh Anaillii 

.i.iili- (.cwlliHK A he !i(,i .11 , M.. >’1 Ak.c 'i'll,., 

f, <I Uie '>t hiufi. A' r.c.ii’' • ■-1 .UH 1 -: etc I ■ I'-' 

n* 1' .11 .'M.-.,,,. U'h • Mil.'-' ’'i.il'ii"'. ♦',,11 

‘V '.s, vU'- v,.,^r'n,r. 

Mavi'M i'.i ,rti 'UiV'" V •' *l-'h '.if - ' n, ; iI’, i,-) "u '.r 'i'l-i \ 


, i (1 • ' 

r, : ,e 


r , , M- 7, 1 ’ 


lix Mn'. .UU ♦ "i 


THE MAIN DRAINAGE OF TOWNS, 


>1' '‘.Mr’. ■ • .If i 
IV- ■ ' *' ” 


Si"-Tn,Ii r- (' 
CN' jS‘f'U'T’- !s 


I' Kill v;. i- 


MODERN DESTRUCTOR .PRACTiCi 


; , W }- (.-‘i:.-. ■' ♦! 

of .ir,!'' •, >' ‘ 1 

.^-nviv '* I •’ 1 .'. , 

ontt"‘t- - -u'!. ’ 1 • "I 

Vra-^n;. - ‘ 1 , 


1'. it , ■ 'll. • ’ ''t. 1' . 


Ft E F' U B-E OiSEOSA E 

rv I !■ : ! i. ‘ V.i . ’ ■ : ! !' i a 


M .ii". (' M.m. . I. '■ I • 

li . 'i.r. ; ■ M- ■ ^ ’'ll'" 


MODERN SEWAGE i'Ur.IMCATJON. ih r.. Im , " t'. 

SEWAGE TRe A.'KENT. 1 h m ,ii . i ' m- i ! 

TRADE WASTE WA rCRS. 'An (,< ...l 'I •• 
PRACTICAL SANITATION It. Gi,. I ■ i- i 

SANITARY ENGINF.ER’ING ^ i(\n. _J_-_ 

lONDON : CHAP.i.ES (iRin iN & tO., l.Tl)., I.XETLk STREET. STRAND. 







KyaiNEicnisa A^'l> MsauANic.v. _7 

A MANUAL OF MARINE ENGINEERING: 

cZfvn^r.^ D. SI«. I'l.j, ' or.tn.r' u„ a„.l iV<.r;„«s, Ho'W, 

BV A. E SEATON, M.I.C.E., M.I.Mefch.E., M.l.N.A. 

.... 

N,.U-f"> ;r,,' , 1,,1.„„.. ini.. -.I 'I'l'i- 

Lmi ii ' 111 1 ‘ 1 , , _ I , I, , >|, , , J- il,* i ■u;-I 

... I' ill , -n . IIM n ^ 

v riU'.-iu‘ I’’ 

j’hjn; V i’'' '• ii'i'* ■ 


1 ' 


, i '.'i 


l>- a, r ^ ah.'-. 

, 1, . 1 !. • !'• ' u't' 

|:,,M . \! .Ml. 


I i .! M ^ : 


• 1 h 


M 1 
i .. 


V., K I.. 


i. il. 


,|| ! h- ■ 'I';: ■■ 


A poc.EF.T aooti 

R’JtES P<m TABLES, 

, ■ -J 1 . ' ^ M ! . ./ V , L'l. ^ ',url 


I ■!' t ■ 


-.ifM 
( . !.■> r 


? .t i ‘ 

Ha 1 ' 

Ni. •.! 

'I .'.\i 


t ... 1.1 


•!. il! 

s , 


[•i-i r, , - (.1 \ .a. •ri‘- 


nr E S C K E W E E O P E 

^ .urnl.i.in Cc,r.,-„«inr ..■.•/nwlii.,!'. Inr M.u.i.o l>ro„.lMOn. 

s( .MX .M VIMi.M', xn.NA, 

;i - \ V, 1,1 1:1 ’.T'. .i i «■■!'' I-' 

'I ' ' ' ^ |,„ - 1 , --H Vs In .1 - llMlrM iiv I'n- 

l'''i ' ''""i.'i.'‘Oi.r.'.' ■; I'm', i "-■i.h'hw.i, 

LONDON MMAjaiiS DBllT !X ^ CO.. l iD., EMaXK SVUEET, STWANI) 




S ailARlK^ GRIFFIN d CO.'S FURLICATIONS. 


Knui .iml I'p. i-xxiii H Oy). With 

24^ lllu iratjttn'- S^ar^’i S\o, II unlsunie Clollt. 25''. ti“l. 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

llv J'K\ \.\ OMNKIX, M i-, .1 f i: , M isM M.. n I,. 

Re\is«.'! ill.' •'s'.M’in !>v T. Sv.i;-i. WiUi ii;i|iiaLna Nrw M.ilvr 

!,»- f Ut 1. , A, t 


I'uMi.X’' ] u' ! (t./- 

•Mil- 1 .M ■ • V. i- ..’I'l ‘ 

! ')' vl I a '-r ti il , 1 '' i 

!. 711 Ti'(! ' .1 ^ i .'1 '>ti' •' '' ■' * 

I’r* i'lt i'jr M.it. I' , t M' 

r • I • • , „i 

! t'M - ■!, lit ^ ' M. . ‘ 1 ^ i I - ' I. ■ n- 

, iM <• 1 .li," Ml i 


t., I’. I.ll I. fil. V 11 -il vl’ I 1 ' 5 

'i * --^.|M I; II I I f . ; ; ..iL'ltii S ill 11 If', “1 ‘ Ml li.'H 

; .(III i J M' 'll" ‘1.1 i iiiAUii - 


; 1 I .1 ‘■ I ‘ } t !' 'Mi/t. 

• I,- " ,.i I ‘ - I I ' ‘ ; u < ii'i- :i- , . I M l\' 



t , \ ^ ^ I ,ii «< 


, f ST'I i .1 , I • - ' ' 

£2 rs O B: C/ 1 M E 3- 

Wi^) ' (•.‘,.1.'’ ■’ Iri'MHhu'l.' V ''.c- '-ir" ‘M ■l>0 .'I'Corv o' l!' ■ ff* 

t III' ;n: .i 1 r il,v. 

i. i.! j' : \ 

Ea I'.'l ‘ '.i. - M ‘ ' ;.i I ' ■ ■ M , . . ■ ; II ■ I, , I. ■ 'I II ■ 

,1 Y . . ■ I ,, M ^ 'll t: -,i' ' I ' r - - •‘'•T I , , , i, I', I'P. 


It, Kri ,,t„. < 1 I t I . I'M M i!i, ; 



iiv I \\ J.'KI.iNi.. M.l'., 1; iltii-.M.I.i:, M K, 

•’ T'7l> "M 1 ) I- ' I I ; ' , IMI I I I : r- I.' 1 t h'- ’.' 11)1,^ ‘ ' t‘)' !i "i! Ii \ ■ .1 

lexi Mil-.,.I ■ I'l'i '■», ' • y I ii ' 


hi iWji! }'[• : -O' t -^-7 NVtM. \]'\ ‘■ih.'fi , S-. h-i 

EVOLUTION OF THE' 

NTERNAL COMBUSTION ENGINE. 


v.\ 

<ti ‘ '‘iM’! i. V ' • 1 

">vM nr, 

•1 'T.i'il M 

f Mill' 1 1. 

' 1 .i-'.inr-'; 1 'h-M' ' 

iiC Ir 

1 r'-fi- (ii tt 'll t iv’-M' oil 

Mill 

1 ilM, M' ' 1 mu; 

r< .. i'l 

''■u'—i'.T 

'..nciTji 'u.i ‘ 'M III 0 

1 i.' • ; •" 

i riKiiii -t 

l il'ltil 1 AJil.i-ii 

'/i 1 ll''-"ir 

.. i 1 ,,. '( *, 11 .. .1 . . 1‘! <’ 

1 ," 1 nr.ai 

I . I"*.!' ‘ 1 M'i, 1 

1 - III Ur 'I'mi I'Mn 

’r III »iilr 

t aiv'- —'I’l a/I' ill! ' ' 


■nr ’ 1 mj l.'n 

ii.ji -• .-ii ir'iii!.’ .ill.! 11 

1r, lat. -- 

'ti li ' i' li'* 1 j !• t 

•I,'! ' 1 ' ’ 1 

, ' II - h.'i'i M 

'! ‘ II’ .11! 1 *1,‘'‘ i l"-MI 

— 1 .irji • 

^>lA^• r iTi'-i- I'"- - i 11 ‘. li-'i-' 

1 .•-MM • 

i.-l, 1 -. .iM ! 10 .. 

'Y uiv < liiiil r !' PM II 


t“ nr hi 1 ' s \ .il\ • ■ < 'll 

•' 'i'll' A M ‘ r' • ' S'r - 

'1,, 1,'! 

• 'll m ‘l•.!ll 

•• " ij’ (11 itil' 

1 I'lT 11.i 1 1 il. M' 

!. j i Mild- 1 • 

(.ji'm-d , i'' / 't'l ,-v 

I'lS r . 1 ) 

V.. 1 J\ifu' nt < nnit'U, ' 

ni: c.n^'i.ii' 

Will iilal Husi \"li.iii- Ml' -t 

1 'K ; 1 . ‘ 1 

'in. n l-ii.'i 

f) Mil ir il, I.ll.-'ll If " 

ill ll 

L’nffhn'f). 

t 





l.ONDI'N : CHARI !;S (ildU IN A'. C(l., 1 11)., rALTliR STRI'.Er. STRAND. 








LNdlSKKPJMi^ AI\I) MKCUAMCB. 

By ANDREW JAMIESON, M.!nst.C.E., M Inst.E.E. 

8i;\!■ N’TELNTJJ Eiir'i’j<A', Ilifriac'! Wish (‘ver SOO ovor ‘100 

llIuativiiionA ami }L* I’iaica JOh. <>d 

A TEX'J'. BO OK ON 

•STEAM & STEAM ENGINES, 

ISC'LUiJPiG ’UlfiBfKEt, AND DOii.EnS. 

Srv.-i"ln .It! 11 '.'.; ..i I.I.JI . r.-- -li.iliG, .„v )..■ tj, . I ui-on 

’■■■ 'i,M !> .if' m! '! >'•‘.mi'-il 

<i;' ‘ ' I ( t' Mf ,,f 1 ^ 

* * i ' ' i i '‘Iff.5 - ;.r I I 'i- V, 

i'ii i( i U.'III •, r( • ,|.I {fi Ei,-ini 1 . IV 


j! }•': 

J‘'h’ I M 


•i' I'-lf’’ 

( a! ■ ■ 


I'l -iTHI 

i;, 

n! 


’ :> . ih. r’o'oo* trj. 

'1 V .I'T, \aiii3-, 

..'.•i I . -If- (i* — 

. I.I i H i wa- 

■ ■ I, >s' V’ ,f • I h.itrr.if*! 

- . - li ir 

' ' • i ■ \ .il’f .Viriu-'H-n, 
I fiv. ii. rv\. la) 
‘ ,1 1 ',' I’.’ii 

■ ' I .‘Il. 1 .isi't I:. / 


t i. 


1 


' 1''! -1 x; 

' • ■ ’ ' ' 'll . ^ r-‘ ;■ .ul" 

' fi,'-’- ' a J f .''H 

yl I uiliiAriJ 


' f- 


■Jil" I 'VI 


v-i .. , 

/'• ,7 


-I.-l 'Mi'-MH'i 
’■ r .a ‘ < { 


!'xt 


‘ " ■' > i' ' ? I !•' 1 ' . ’ ' . f' - If . V ( , w 3 1 . s M j ‘ 

FLECFRICAL RULES AND TABLES 

* i"l‘ ‘ a < ■'■• ' ’ i ‘ I >f s 

Ih .II'IIG I r . I',., f, iliV.-ziG, 'If. r (■ i' ij 

i.fLkV ■ .ii-.l’M' 1 

■' ■■,'■1 '-i'nMii 1 ! r ,11 |,airi' i ,il i « 

ll.'ili 1 ilii- J .Tlii'l,! ! ‘ I, Ml U - r !■, ' i i-i-i',...,,. I-v 

M'-ii'i-;*' 1;-- 1-1- .. M MMM. tm!J; 

J;,I .'(.'.."V ,1 ' Mi-mIi. 1 

ua'ut"-. 1 ,-tjrii'-'ilk--ii.| * % 

. 'x-rii.r i til- t'-no’i'iaalotioa w citu 

kliViMl ■■/'.u'lin-f'/fi. 

LONDON : CiLWI LS^tiRIlI lN A. CO., ilij,, (fXfni'K STREET, STRAND, 






,o CHARLr.S aUlFFlX A, (''O/.S rVBUCATlOXH. 

By ANDREW JAMIESON, M.Inst.C.E., M.lnst.E.E. 

U AL-fai- 

F'irRrLi;Viu Kiiniov, Upvi.s(-<l .ind Eiilar!;<Hl, I'p i xv -i.-j. .iii not. 

AN F.LKMNNTAn Y MANUAL OF 

HEAT ?::ngines: steam, gas and oil. 

’ Oud.F .a ... .,1 ..a ..tl.- ha.m.-mn- 

t: i.'W ^l;■r > am.^h a ^ ,, 

!.r-hl i ... ' =' ‘ ‘ ' ... 

V I - . 


,lV’’ni 1 rv - -ti' 

- E'-m.. Ji u ^ . 
— 1i)'5h if '] - ■ 

-- I'oTi- I'-i' 1 • ' ' 'i' 


! ( 




n 


• lit. • M' I 1 T' " - I <‘'‘f 


' 1 


i r-.'i,' !’ 




J 5 , P X, -E F- r» ivc r: c J-i a «■ c s. 




of !'m ,< 




W 

- M' 'ir,,. 
Mar'". 


V . ,:Ti !•;. t I 


J*' t'l /1 '1' f' * ' * ' ' 


5 . jM - . i I L' a 1 . ■ 

i.Vrs Y. 

, ; . - .... i;I , «-[(‘At 


_ j . . ! , , . 

I,].-. \ (\ i ;irr a! • 

iDoOt'. 

(• .ta’''.Fit, n > 

.ic'.tiuii —f't ill' ‘ r- ff 

-< - V"' \ *■ 

Vl ' (_ J '(' H . - 

LONDON : CMAKitS (iKlO 'N .V CO., i Hi., L.Siai K STVliia, srKA.Nl), 


. Ill'' • f '■ 


, < . , ( r HI* 

t, , ,.>■> I iW N 1.!' 1 'T'l 

. r. oil ■ 

, I O- V !' •■ill* 

, „ Mill,." ! ii 
1.1 I a . i'!!.' 






^ ESGI.\^:^i]:!^'G AKD MlX'riAjyiCA. 

By ANDREW JAMIESON, M.lnst.C.E., M.tnst.E.E. 


Ip Fivi' N'olnnivH ('ri)wn o- qtiH' f^uiiph t,c uj jisclf, 

(incl 

A TEXT-BOOK OE 

APPLIED MECHANICS 

AND MECHANICAL ENGINEERInE 

SIiocmHv 'nr..r.“'{ for ijir ij-i- <.( rD-on*'. r « <i\i .Mvu'j f<u tl.o InalitrifE 

of (u'l iiic of 'I •‘.'I'nu’.i! 

a>!u .n,‘ A'K.i'i, id i- ( • inh.'.'ii * of fjrsn-.: ai'.<! rolojiU'l 

F... i"!!'. (A .:u - 1 ? .1 I'.-M ii'--)!-- oi i|;( i'i? ^ r>:<a 

ot i.oii.liv; 111 i|,]i .;:o, ,n Mocli, ai '■( I'.i r. an'i for 

•j^-noTalSv 

\’oI.: '!! I ' 1 !■ i'\-, 1 ■ I :■ V i-ti i f' )i! I* . ’ 1 !']• A? \ H- ' tf'- fiol . 

A I TE '>O 5V^ IKCm >ir £es. 

o ’ f ‘ \ ', ;■ -I 

' '' "i ■; ! ' In- , H • I !i 1 ,li < ’.“i I' 1. i ItT.Mi ,T, - • III*- ' 'i(i 

f - T’- ■’ .Ii, a Vm. d I. i »i I .'.fi ill'’.. ] 1 ,n m,’i ' > i ' ol ..51 

•iM', 1.'. ii ' .rr' ‘ii’ '' .l! ^ i i,.' ,t,r. ,i i, ,ii I'.'.-v 1 I r- i.ioji 

•i^ • ' u’i\ • . .1 IV ' ‘.,i - 1, I ' n i I . r' I ■' - -1. ii' . I’l s i .• t i Si r* 

' . P ,, if 'I i . . V. ' , i ;j. ; ' 'n . I f I' Ii . I' til I f • Jilf,:]. 

) ..f \, • • 1 i. . - I . ' _ ^ 


STRENGTH Of eVIATER^ALS, 

) . M-t <1 M - . \ \ , n, . ^, 


a: f . < . f : 

... V, • .1 ■ i . , M 

,.(1 ! ' I . , t . -.M.-- 


1 ! 


• i .i!is 111'! 
■ . s’sc'V 


I' ' . ‘ i, ;ii'.: ,1 i4 vsii.; 

i-lv F. v.-.'i V^oil. 


rHLORY OF ;:iTSUt ‘'■sr;FS. 


(“.p 1 


\ : .1 5 \ , ' I' |.'p ! n , . i V m-.i 

.H V13R tPVU I..5:C"S. 

,! I r .W t!' •! p- V.‘, 1'-' •, lairaUiJ.' 


i ' t - I- ' o 

•'¥ O^'' ?vif A f 



inn.' 5' . ■ m ^ , . . . , ...Jt 

. :‘i. I iT.' ’ 1 o • i. . ii. I'-!!• t..',, 1 r ■;I im >• i 

Jl.trp' 'ri.WH'.’n '■( .T'T'/ i !‘ imo, .i ■ 'i !; j,p « .fif ■ ji. 

ol M. Mi.c J'. •1.1 ( < ; ■< I t. . in...■•.•• - \c, 

JSCES ® 

''S • W'J5 ':r(iuti i • i'*' •! .bIv n ’ i' i-i id n i .s I.Tp ,i> -iH' • 

liiciif .in-I o l''\f -• ii ' - 1 ■ 1 . ^ 





t!u 


OlNimN : CII.Wa.T 'pRIMil.N & lO.. > i'!)., HXliiliK RTRi'CT. STR.XMt 






^0/lAltJ,E.'i ORlEflN ct- OO.VS' PIUUJCATWXS 


WORKS ON ELECTRICAL ENGINEERING, 
TELEGRAPHY, ETC. 

• j 

CENTRAL ERSCTRICAI. STATIONS : Their Dii!?.!',, Orf...t!isaiion, and 
rdanaeenieni, fl, ‘’;i R ST-irMs. T Ki', 

H 1 ■'.i'. 1, ■' . i ■■U'li i.-. '.llill'' 

t i' I I_\ {-1 

ELECTRICITY METER';. T-, !!i i. ■ \ ■>! in-'. E E. lu 

L.in ! i> >1 ’.'P'■ 'i' ^7 HiiH- 

ir.t1 ic'jjT! 5. 1 j ‘I 

TRANSKiK'tlECS. T i'n: r,. .. , i- '! ! I , . • ; i'""! 1 ». 

I , Ill . in"! Ill-') 


El,ECTi'/iC-TL TUOKiT.ET.R'; Tii li, !' il'i'n.'.N 

I'. ■ .''.'IE!' ‘' ' ’ ■ in!" i' 'li'J 

in.. '',1 

ELECTHiC CR,'.';!! '! >. '! 1 ."I ' E 

TELECRAf-I 'JliTEf.'S j'iN;'* OTr.E;-: KOiL'. i'. , '■. 

Ci' . 1,|. Ii. 1. ’ n ( ' !i '> 

( . ,I:, I '.,""1,'.'' I : 

WIRELESS Tr:.£Gi:-''r;'r !■ .. r-.i.i., ' ''i! i" i.'i": i-'vo. 


ElECTSICi'j'V (N .''iINr..'.. ■ ■!' . i.i'i. 

LLEC'r'Ki'SA.L i'.;A'"!".(CE iS. COLUFRiES i • '' ■ ■, i- •" i'"'!- 

Ml' I j, , .. i; !■ 'i;. .!: ‘.1 I ''.ill' ''"r. , 1 'tT'iiis 

i;i'i-.;i"( !• . : 

TKEATiSE ON El.Lri Rt-WETALLlinGV. T.. M i’.'.'■ ■.!'I • 

I I'.l. M ■'? 'I 1, J'.’ ' " O' .ll"i f'.H..(■'."'ll 

l:A .'Ll 

EiU'TSIC'"!. T'/iTB'! AND 'iiJE (‘.RCOF T!.E Si.r 

!' \\ ,1. 'j'l . ' i; ii' i.i‘" ' ‘''i,:. !■' I 't t 

M'^GhEtfSH AND I-LE'.l'i’RiC.'rV (.''I'l Eie.T;>','i,i.aiv 1. 1 '.'i’ira i;!', Ty I'ri.f 
, ,1, . ' i , 1 i.i: !.i'. 'I s-. !'<l 

CCTRIC.ai RtiLES AH’I ~ AEl.ES i* iv''iicl tiooK »'0,' Mi'STio, 

i:. lU'; p■in.-'.' ". in-', ■ *i: .> i i: i >,.■ Ei.n'ioN. 

(i-, ! 


lOMlOv - ciiA*-^'^ ‘ *■’ S'lRAWL 






NAOriCAL WORKS. 


13 

GRIIFIN’S KADTICAL SERIES. 

, V(Yi' fti-rtf'i'r iti}ni'//!atiu>- U'i'ir»'th‘i roii. idi Iinki. 

A MANUAL OF ELEMEKTAKV SEAMANSHIP Lv i'- 

, LimIIun. Uc’;-'•!! iaitl T.iH’r-litUfM}. 

i'pKi f)-.* # • 

NAVIC.ATiON, FHACKCAL AND THEORLTICAt. I'y S>. V, n'*'■??- 
' 1 , Wi; - . ‘ V .\t [ i'.i ( 1 m >j ,• jj J- lU Vi"-" li, ]' ully 

MARINE AtETEOnCLCPV for 05iiF(;'> li'Mh- i.ifrOTifs: Mai y. 

PRACTiCM, AvUiiI,?!! *0 Ih'’ f.cji;iri.n''or>i; ot (hf Saitor. 

A •HANEA], TLiCOrEU'J:TrV, i:--• < I \ r..: f'!7i 

■ 1 '^ , ]>.' ' I ,1 F,) ■ ' " :i ( ! 

■ A .A'ANL'/.I. {''T Air.y.ri'4, * i i: 1' * At t'l’M-'.. 

tATHUL; ANIj lOP^ITEDE ; Hov (o them, !-v' -i 
■’LEU^-LEiiTIL:: Ot’yHU'MASTEUh. i;. lE U' ‘ ^ Suj.t, 

E t :y l;, . ...4 . . i lu- 

A MF.OJCAL AN'O SURGICAL KLT.E.. I'Or Shipnia''.iler-. rj>t; OUicers ;p the 
Aor'* 1'^ '.V i<. "■•;•. 1 i-v--; i'.-i'i-- 

1 •• \ ' t . * , E. '< r' r> I'i t 

KNOW yC'JR OvVN >3r.lP„ - ' ' ' ii'i.wit. 


UTiilR V.'OiiKs or iN'TEKIST ’iO SaIlOKS. 

NOTES ON TKC RrrACTJCAL DUTIES OF SHIPMASTERS. 5'.:' ‘ 

:I ; 1.'. Vi '1-4 {.'•<: 

DEVTNiTIONS IN* NAVIGATION AND NAUIJCAL AblRONOBIY. By 

r k>' ,.v Sb-.\\ in, l':■- *'ii ?i '. 

ENGilSH SPANISH AND SFANiSll rNGLlSH SFA TERMS AND PHRASES, 
p R\* i !■''■' r ^\ ,! 1 ' ', I > ' I j o I . I '•'w . i ’l t '■ 4 . ImI Eii'f,, 

HYDROGPAPHiC SUEVrYiMO. Wht 

» .-l-iii.' 4 PI . -'f ii'‘i \ lo'i' •’ r . Ft !•■ • t2-i 

NATUr.E SirEi k.-'F: OCE.iN VCY^O'.!!';. '.V .,i>tu;i A ' 

■ Ii 1 I .pl.i' ) ! ' \ >'..>'1 ') I I ! 

THE f»HEi.'ENTKi,Y A.Nl' TKLATKF-E" OF DISEASE THi, TROPICS. 
l;v K 41 f 111 t i(' h Pii-r if. ni-‘. 

_ • 

I.ONDON : CH ES,<ikirt iN (Si l(L ! TO., I XFTEU STRE ET, MKAM). 



CllAiiU'JS GRIFFIN tf- Co:S VVllLlOAriONN' 


H 


GRIFFIN'S MINING AND GEOLOGICAL WORKS. 


Ore and Stono Mining, i 

iH'lTK \M- 


. . Ni*i 


Od. 

Elaments of Mining and QBarrying. 

Ai'l 1 K AMj < 

. X( 

i, 7 h 

«ti. 

Methods ol Air A'.ialysis. 

■ 1 S Hviu'anf, 

N' 

r. 

m. 

The Air o! Mitjos. ' '.ii-.,' 

'x n(< ii.ii 



1/ /' 

<■( '.NT*. 

Text Beoh of Coal Mininv 

!1 ih 

U'U'-', 

.N’t 1 

‘ZU 

Od. 

Practical Coal i^llning. 

I, IW i -i. 


\<U 

!:2.s 

Ht!. 

Elo.nientar.v Coal Mining. 

1 i i\ i , 


- 

f k. 

tki. 

Treatise on Mine Siirvrym 

y. U 

. I'.ll, . 

\' 

' 


EHects cl Error.' in Surve\i:u.- 1’ < 

(J' - 

X' 


IM>. 

TheorU'lUr Surveying and 

Eoveilu'g. 

! , 

.\l I 

1 A 

t, J, 

Fr.'icm’a! Sun ('Vine :i>kJ Fi 

IJ 

, . i ' 




Mlium; Cc-n'o-v. :■ r <• 

i , ) 


'• 



BciOr: (d Ck-'o; \ \ 

1 ‘ 

• . 

A ,,i 

1% 

■I. 

Modern rXn- 

M • ■ ' 

i ' 


!<' 

111 

Mining Lav- t-: t,i 

•pKv. ‘ A 

.. 

\ 


! 

ftlind rg-r Bxn'h 

fAM'p-... . 



1' 

»' 1 

Mining riirg-»'e*-h fqoK 

B'j'dt, 

, 1 , ■ ! ■ 




spa.. 11 !!-L'n^Ini' an;. Ei-!:. 

h .'• 

•vjT T.rn;-. 

1 1: ., -1 ■- ' 

!ii 


Pro^pciuiti ’'’r f'.'r'iUMN- 

- li 

^ -■ , 



-1 

Minc-r;'g‘gv gi Hru;: 

1. 



: ' 

I, •. 

.Sha;< .liiiaiig ;. iOiti-,',li 

o.ix.'g ■■ ; 



I- 

1 j. 

Blakimg ■ gag U.,l' r<t 




>(* 

>; L 


Tustmu .N<w Moh-nj'''. ■ ) !'?- . , 'v f* i 

* 

PracUca] ;fh':b Im- Stiniu^t-. i ' ; - ■ ; % •' i 

t.ic«'tnca5 P».«’;)'•»; ii: v'liir'itj. r*'' ; • . . ’'v i ”■ >'•«- 

ConjprH^j-sv^ vi'/ct; n; K\v'i .. '>'> n* ; ■ >>'5 

CyanidniJ' > .< Stl t? - i.k: . \ - :> o.l. 

• Cvaniae rr'--'’'.--' ‘-1 lU/’a L-'fi'aftiaii i': ' ’ v, v i-i 

Geuus;; G^-'A . . . :t - 'M. 

Gold Scel^iiti: Mi Sou'J) AIp'ch. i'.t ' h )-■-■'■>'t . . v f 0 1. 

BiMiograp’’y ot iVlini-r:u WoitU.t ana Geoln^rv ni Chtna. ‘ \\ *"l. 

Sampling any A^sa.\.n:’ ol Prr.tloas ivi^nals 1. ^ S'.'i"- , T.s o,i 

Stratigraphnai Gwlogy and P<d<v-onio]og.v. od.» 

A To>-- Book A Gtoi'j'V. f'i -i ,l P'l i.l.‘-, ‘i<l. 

Geolorv !oi Engineers, l.r*-o <■! ■■‘.‘■i.i,/!. . . Xi i hn i>(i 

Aiiis m Puclicnl Gtoiogv- '■ r. , lo,. gii, 

0^c^l A:i Gtv,i()';v.. I'idI • , . s. i«l. 

The Ear'ih • fts (?enc!.is and Evolution. A. . .Not'i:- Gd. 

LONi*(),% : «;iiAK!.i:s oEn-) in s to., no.: nxi:ri;H .m{J[;i:i, str/am). 





MJMNU PUIilJCA TIDA'S. 


15 


SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S. 

.. ... • 

SiXi'H ErsiiiON. Vp ’ FioiilUj'U^ct aiid 712 liiuslrations, 

liSs. I'tt. * ^ 

ORE & STONE MINING. 

l;y C. LK NI-.V!'. FOSTKR, I;,Sc. KR.S , 

. M 1. I'K'JI'H . ,(1V ■ 1 \ 1 iT.l’.l ('! S'.i-a-'n 

\!,).' 1 I i ■■ ,t ■ :, ^ ' 5 

!;■ T)is I I r\, R ,^l. 

GENtHAL CONTENTS. 

TNinuIUiCTION. Motii'o; 0 cc.!?’t’('nv’(iO' . PrtispoeUnK.- Boring. 

— Caouiid. Mipjxrur/ K\caVMUG 5 ,s. - Kxi'iO!i.uior>. - Hauhige or 

Tran'pot t,.- H'-’sfitirr <-1 VV’iuitir. - ^ t ruilaiion. — UKhTtnp.— 

Dpsceiii -c'c A'-r*- -i. Proicuiiosot i of F-ning Labour. 

• a'-d Q']i.^ru;^. (onaiTton >. iho ftliner.— 

I P'< ' / ■' i'f I . a ‘ 1 , I I ; ' || 'I', '.S’< llJiS . ('K 

' ' >1 ' , ,< • ! - . I , • I .,1 i; ■ :v. !'.i lUun 

1 ’ I ,1 ‘ -1 • ■ ill -ni ,'‘iV' / 1 ii' ' ir ivoi.l, k-f 


I , 1 - 'A -■ '' .'pfi 1 'A ' 1: 1 fill 'A. f'"' 

im immiir* of r^tMiNc and parrying. 

{;■, Ml * p: P; ,‘.'7 KiF ^ " i' U S , 

!:■ ■ I 1 1 ^ 1 , iVo 

l , J • ' 1 ■ ' ■ !i ■ . i t i 1 , I ■ - (l.-i - ' 


n:vi.,.. Si'-i, i'. 'I , '• 'in’! ' • 1 .ri ill- - V'-i-fl"'*!! 

t. I!' ' R 1 - ’ * . 1 . ! rf. - , 5' !,■ A I'll ! •; .,i i'>:i 



5,i AiiM” ' 'll I* .11.;-’ 1 I ‘'.'t i'p 'A-', s 1 :' M-r 

.I.:il5fNO, LAW OF THE BRITISH EMPIRE. 

!. : i.A.iJ'.' VviiJl', ' 1 , 'd li.A M.M. 

('iiN{iS‘>,- (ill- i’:-G r'Siiir. J.ii'a 'i'u«- .Mniii- Law of Ureat 
LiiUi" I’liAipit In-'M <',1(1 t, iiivii.. 'll:- Ma'.’> iV-LUViula - - I-Titj^h 

Nnrl!. - i'/'V,'- i la I h.io'i'I'o ni f'ati.'oiii lintiaL 

(Juiaii.i --<'.((1-1 ' ■ i,s-i ;; t \n)ihii!l ■ ' 'q-f <-r Iloin’..— 

Lafi.i! -■ * r.oL'’ !>.'>; ‘ • ’*'‘.01 vaal f'olanv.* Kliodwi.i. — The 

I'amiTutiiui «tt'i o( \ -Ai-,;; So. (noi-':. 

'■< amiot [i-ll '‘'ll. . . Ml' E. 1 .! .I'l 1 t 1 umi.'-'ll ' i flL* i^Hlk ’■ --l/OL.I / 

nmuiH: mu i in & cn.. iin., faluk stritt, sirand. 






i6 OHAHLIC'S OKIFI^'IN CO:S PUHUaA TlO^S, - 

WORKS ON CQAL"gVHN!NG. 

Sr.\ni KimtjO'V j-ui-i With 4 J^Lij.cs an<l tJW llluf'lratioue. 

' i'rice ‘J 4 s. ik, 1 , 

A TEXT-BOOK OF COAL-MINING: 

I 

FOH 7HF VCK OF COl.UhHy fl/IANAC&HS AND GiHtFS 
, tPGAO^O iN COALl^ONiHO. 

liv It K i; i: K irr WlM.tAM ItE'CUKA, K.t.'H., 

\ K. . I ... 1 , , \i ^ I . I ,.-M 

I ■ lAr.i* ii ''‘.-Ml'! < . ,1. '■ :i . ' M. : 11.: «; »<. ini 

— I'r-i’!» citiL* i S n',.- 

-.'Ii i 'wil 1<.! -V . t \ 


■ U ■ 


ii'? i.v'l J 

WiM , i;,' 


PHA€TiGAL €OAL~MlNINC: 


i'.^ANUAL rO'.' L'J.li-'.'Mi :P^' ’* ".K ^ 

C;'?i,Lir-U'i '■.P 3 , C'K:.- \-TP 

/ ^ .. P,-,'. - . ; 

; : , \i t: 


iy,0,. UPr/V,/ ,, /• / , , 

IP Gi: <; i’pp 




Ill.i'i 
At:. ' 


tf.'' 1 .’I)'' 


.'I . I.'"' > '-I'.J',' ! I . 1 -.,.' Ill I f< V, u < l/'lh 

ELE ?v1 SNTA RY COA L-MIN i NG ; 

roR ^-'in: Ur.: ^-.r mini'.;-:/ ang 

'• :«p i*;, AMiNATf'.'US. • 

Hv S, fvKiA-R M.l' , M t i: 

(i" i > - i>,.i , , Ml i I » t, 11 - r .iG' r ii4 Amu f 1} 

'iJrfs.i.- urojil.-u. '-t-MiMc K': M iM' ! 1,’.' (• -nii.ii':' 

.' 7 i"' , I. I" I • 'Aii.ii't.v; .'-i.'t 

i’rawutj!: - }iun!;i MiJMi lu ■ :;i' i , \ ' io);„ -GU ijHiii; a?*<i 

8ortii5i( I ‘m.i- -•''V "c: A' » 

...I.'*'- .- ""r ‘ . . .. . . Will!*' 

lO.NDON : CM H\iU I Pi CiL, I UL, i.XIMl.H S!Rf-Fi, STRAND. 








SOIIVEYING AXD MINE VALVATION. 17 

I'oru'll.KM'H I'-MHON, <iu‘aUy 1 'iiKii- 1 . j-xvi;i-T 477, 

J;-- ! Nun\ch'’a-. 1 U.iiM.uii'-. t'loi'i. 7". Gw. '.ici. 

^ TREATISE ON MiNE-SURVEYlNG: 

For tJi(i use of Manaqeis of Mities a-jfl Coliitiijs, Sludqnls 
at (he Rnqnl Sohoot 0/ Hines, itc. 

By KtNNKTT H. iJKOUr.H A'.six .R.'-; M.. G S. 



• T.'XI', U’FFECTS OI 

>•3 R K J O Ex S \ N S' . r 'V' fl: YI M G. 


, i”; 'I ,M'i 


■\ HA R ON 

IHEilOOllTF H0BVE¥?!^C ^m LFJ&lliPJ 


w't; '/ f.'o 






< ' l -9 

‘ ' ' ''ll ■! nui (vf 
''.uu,.'- T-iU- 


PRACTJCi'L f-:liri:VEYI^'G AfsS FSELD-W08K 

//■■ lie f ■m’' I C'r;'- j'.-. 


M O PERM r/S iKT. V A L Li A T ( O N. , 

i., 1 ! j i' ‘'A'.’ u 1 (,' ! I. \ . '1 r . M i i. 

( \ , < • 1, 1 • . ■)•' .. I*'' , 1 I. I'. • *4'. - ^ lU'o Viri 

lU.,: O.. l M ' . . .t 'IG'. . . : ' i M Mm- . i V 

•' Olif g 1 5.hi' li ‘•I' ' '“’i !U' ' t.* 1‘- ! )l * V . I W ■irlit. 

LONiJON : CH, M\UU\ \ iN & CiK. LfU. ! WWM SIVE-H, SiRAND. 






CnAIthlS^^ QUIFF)N <f- ao.’.V PUDDCATIONU. 


}S 


(Hriffiit's Hletallurgiral .Series. 


Stimclard Works ol' Hoforcace I'or Mctaliuigists, Mino- 
* Owuers, Assayors, Mii'iulactatrors, and aii aiiteresled 
til the 'dovolopmcnt of the Motallurgieal IntUistricK. 

Kl'! I Kn l.\ 

Si), \V, KOiiEKTS-AUSTJ-;N, K.C.B, D.C.L., F.K.S 

/« S'r, ^I’rtKi'sru.r U i!-: liiuHt 

I .1 .’iiM j ■■ -1 ■ I I i 1 ■ I ... 


f*NlKniH CIU)\ lu ol Mi- i \{ II l{(i\ 

.V-.iP *. K r.. . m: 

Sitj,. .'i; ' ' ‘ . -I 

lk:\lMlnv . i'. ‘ ' 

h«!l\LK < 11'c Vu iwihju^ ;i i ' : 

IRON ' I Ik JaUui,;v 

STII'I ' Mie MclaU'ii-..,' 

THh NoN.M.RRO’t > ^u- 1 \i;' 

AIJ 0\S. n> , ' 1 , . ' ' - ' " > 

‘ . V.’,- 

SAMIM \SS\V!N <5 m i:K ^ M! I\!^ 


OTHER METALLURGICAL WORKS. 

.MoiHitN (.nrin.'i; i-tii-ni'i, , ■ , . , , 

t,.ysT in tin ) >;)il ii! K. ,iiii 'I'lti .ii. 

.«r,l'M.l-h U 1 i)\ ‘ .. > : 

MiCKilSCOIh.. '.N t! Ml)! \'t. " ■ , ■ i.' ' •: 

■IhXl-t.osii, -Xte.-.Nivti. I I '■ -i.',' . 

MKT \i i I \!<iC M ;n!.l ',,X'W LNii. k '■ 

U'e'.')!( 'tllAl ! I'Klik \! VNAHSI.s I till i S. ' I > 

4- 

l:i.UCrRiCSMn lIMi. ))• ■ ■ I. 1 ' 4. ’ 1 . ■ 

f;l KCIKI' MI lAl !.l hh'.. )'■.! ' 

lAfidtitt c,'>.N i<Mn.'d !i 

i;i t.MFiNI A‘<Y MI'T'U ! I )• . ■ •, 

aE.NhKA! r.'Si VOitV I'KACtiCI,. i ... .-.'ii. " i.s. 

is;c'|!'t;.s ..11 iKnNinil MilNu, i ) ' i ' l l ■ . 

fsl-SS'i f-l’JAAtF f>i{ \Cfkl . ! i.'i;-.!.-- . ■ ... 

N'O’Ii S i.ii 1 <Ki\i)l<V i'it \..'k'( . I : . I..'- 

KrtlJEET' \USIi:N : ,.\.|c!rc.^sc- mui S.irijlifii' !»upcrv. ' t«'. ''n;.., 

.’T . l. 

J 

ka.o W.rK'i er. keii.i.if-’n!. 


i,ON!)(lS ; Clt.Aill 1 > Uini i IN Ai €(>.. !H>., EM; I I'.K^SIKhlil, SIKAM). 







OHK TRBATMESr, ETC. 


, , .,.1 Tl.rn.i.'l'.mt III Wall 

BLri.NI. KaanoNj..l ^ ^ .>i.„i„t 


I’iilU--., M.tp', ini'l JIIuhIj- tiii'it:- » 

CYANIDING COLD & SILVER ORES. 

A P,S T!e".e on ...0 Cyanide ^-ess . its Application 
Methods of Working, Design and Construction o 
Plant, and Costs 

r.v 1!. f'O it 1'. 

Am- I'lDCAil SM A.M.! !'-■ 


• ns^init. ' 'f it ' •' ' 

i.i-^iiiiM-d ■! ■! V 
J» • 1 •> . \ ' ’■'i ' ' 

i •, il (! 1- ti ' '■ 

Al-I-lt' 

rrii.iif ; • 'it " '' ’ 

ri.iiit I \t' I '' I, I I 

1 i ..It i i 


Ai 1’ 


I'r- Iti-mi "'v , 

i; ” (’.,.1 i h.i.l ^>'1'' r I’ J«‘' 
V t'l ' ritiiu!! I"' 

: tv/.- i \i.'in. ‘.I 5*i“ 

1 v'l ivi.t ' '*2 ‘ '' ' ' 


-1 


■ ' It.. - 

A'.I.i. .5 


il'l 1 lll't^ 

I '4 




^EIGkIM.S Of FOOBKL JULIAN 


j. t 

M •■! ! U -‘i 


. t I 


THE GYANIUE PRGCEKE_Of 

i!-. JN' 

i-rtiKh .1 ' ’ 

if.ti't 


GOLD iXm 

.1 Ai'u/h.-ds (if 

Schi‘:tii (i iVii ••'■■■ -■ 

; ■ < 1 I,' 1- 1 ; I'. '.Is v;’ M . .M . 

‘ i 11 s'l-i- - i-a- l«n‘-''a« 


■ n • H i. - 
Lvi-n-aN'- ' "■ 

■ . :,‘i ' >1" ' 

r.^li\''i ■>’ 1 

Ti.p . ‘'•I’- 

luc. 

“ l)f'l-l 1 Vl‘- I'l 


a;. \r‘i ir ' u' •“ 1 




, , , !>i,- ., f I't') '’''rv 

.' ’ s' ' \j.tt..M.t- ' il ' l"-"'' ' 

.0' V,, 1-1 ■ G I .>!fi ! i '# 

M,.,,. /II. i-'-P" 
, ,, ( I-J., . . lit r I Hill’' it ' “• 

-III. r I'A -1 

% 

\ll, ' I..j ItU'l 


N I ,!■! N t ll.l.' ‘ ■ 


l,0:<lHtN : CPAim-^ td -iriA A u-., H Ih, Vxini.K S-lKhP . klKANI). 



-10 OldARLEii GlilFFIX d CO.'S PUBLICATIONS. , 

GBIFFIK’S METAUjURGICAL SERIES. 


Th“r‘in;^hly Kt-viseit With j] ]*\)l<!ing 

Pm*v , < hi:: 1 t !i Ihgiu'c.', i'\ ct aU'i i1!iu (in 1 lu- 'I'ovt , 

url ‘iii'-vi-lv .Sf> t ■),>’mJ Sit'} ' 1 -S\'». 

* "(''•V'' ‘hin'i-'i lii.i!! HHn) ji iv"'! { uui^'o'oe (’lot iu . t.'.i 

^Vif )7 Aiidilionai ('tiaptvf kO Jhc Fkcitic b'-'Up.ir.g oj Stcci 

•THE lETALLURHY OF STEEL, 

r.Y W, HAKHOKIK ;\!„ F.l.c., 

\Xi. .! AV, J! ALI. 

Vol. 1 . -Myt.iiiurav. Vv’.. U. Mfcha-iic.’.! 

. A r;. . i a.• -■ c . ; 

'■i.,,.., . • , > I , ■ .1 ,'u ■ , i! 1 i.l . ! I' , 

f t Of >. H M) I I ■ .■ . I : '1^ ■' 1' IF O 


1’' i 






“ nu'i'M w''T ■ v>ii "."'i' ' r 4T)t ,ef I'i's'i, Or 

.'luy/l VA'’-: ’ f , ‘ I' -I ' / / •' f 


In -Me i li ' -Av • P ''i-'ii. r, i ‘ ‘‘'y. I > i'-F 

i h . ' • |,vi . , i- : 

The SanipiiRg & /tsf^ay of the Precious Metals: 

CommjiWs noKi. Si>ve« anc PJr.hnum. \n ( les, Bulhon »nO PfodutH. 

! ' . I, \ I.-.'!' i ITi! ' i. M,. '! ■ ’ \i . * • 

' -,»ut , 1 • \i , : .' ' *i. f ' I 1 ' OH' l,,., ‘ ’) > A ; ,„ii .1 F !.,i 


,l fill ■- 1 

' i ; 1 ’ , 1 

! 1.' . 

’ 11 ’ 

. .. (.( if ,'l ! 

' 

■ ; - ”1 ( . < ( ‘ i 1 . Ill 

■,i.l ^ , 1. i 1.. ) 

! ! ill 

I i; - K 

t .'ll# |>‘ , .1 

'i’ 

■ V 1' Ir , \ .'ll A 


' 1 


. 1 < ‘ w • , 

• '< I'.. '.I’-;, O 1 

. J .1 \ b 

1:. • : 1 ■ ^ ! ! 


W !},,,* O-.il’H 

V.i !1..!-[0UW !iri’’ I!" ' 

1*' ' ui'i.a ' 

't, 

. ^ lit 1 

(Ii OJ.’,. I,.,!';.- i 

1,'. i'l .1. -.U'PKT' I’f- 1 - ! 




■ \j!xj K ' 

'■ } l.'( •'! J6 i , .Jt O 

li’ . [J-l u 111 1* 

< { 1 Ji' , 

’('.'ill rl \'.ll:ii !■< 

as-'i 

'.1 J-..-Tcui■ yot 





'1 - . . tij. i.'.f.k ‘•ir'il'i ..'ll!’-) 'lii' Miiiii.,' i.iivni^T’A l.^-raiy."— 

Mih. '7 h or<-i * . • 


( onooa : l:inK,'i^ liKih iN A- CO., I,it).. rxi ri;K siRnn', strand. 




mktalluhuigal wokks. 

, ,1 Vu 1 -■'> l.t I'i.H'' ‘ 

loimu.-u, so. 'i,(.s-s in-ti.i 

lectures on 

MOOEKN SMEI^’IINO 

r,'. 11 iN \i." M I-'-'' '■■’ ''' "" '■ ” 

-..(hir.-L 5'fl,c,'r'.-'t •, o't I'ifUiiftCUJil'-'' 

Vr>4>.t>t l'''rwrfr n. ' f- 


• W 'n 'v’V 

V“‘:'’'•' ‘\ 

b-iit-i.ii ■ - ’’’ j^ 


( . 1 t'l -■'i:' 1 ' 

' , ." 1.. ,( 1, < ”1 !- 

'V'tm. ''1^^ 


c. B 'i" ^ ^ * ® 

- ri!- ■-'* F A f; c H. 


. f.. T '-! E L i C '; ■< or f. '■- C fe • 
, , \\ 11 . '1 .'1'"i . 1' i' ' 


'. M 


H “1 M i' i’-o oOM 

I e /4 i'l- ^ 


M KT’sTl LI-= ^ 

T'.Kgr -.Tl’Al.ilA' . /' t-C. A- '■ - 

' r, i.ii.'AlUi li ‘ ' 


■s.. , r ' ' 

jVViCROCCO 


i- •> ' 
1. •■ • - 
-li? .11, 

*!' 1 1 .. )l ' ’. 


■ r 
' I I. 


|Jl' ' \ 


w 1“''' 

pit AS^Al^'SiS- OF tyiClALb, 

r ,•■. I'M'. 

,; ; -! ' , „.■ ■ s:.*' 


li ■ 


Lor 




i. i'sU., LNi.ILK riUl.!.'I- ^'!KAM>- 





cii iAv.es' (UiiFFiX cl- CO.'S vauuc snoxs. 


TilUviJ l''mTi'>'N, '’('ijo?..u<j:!t!y l-l-\ i-'t-d. auil lit 'Hu<>iii;h'iuU 

Iti 'J Miti) , N« w M;:}) , 

lliii- iral .'to. r»ns 

'A ISE Oj::T 

. F' :j 5 ] o L E xj Dvc. 

i'.v .-'•lif i.l'.l'U <)()!), I;mm, 

• i>Si- , ) il ■ 1' . .. ■ 1 '■ 1', , 1 f . 

M :'!*'■!'! li' ! ' P IJ .11 ti l!, MH 111 'll 't' 'Jl'.v 11 

.ii - ' •' ' I.»'I I >1 -1 ’ 1 ‘" ’ll I 1 i’ 11 *' I” I ' r’’ uI ‘ ' 1 ■*, 1 f I • 

J la- '’ll' ‘I’l ti III. 1 l-’i\ • -.11 r.- M' ’ 1 ! ' 'i' • i. \ 1 S - 

I’iu' ' *) ".‘If i IMl "1 ..’11 :i'i 1 N t; t. a ■ • f . ; ’ \ if' !'■■■',. l i-.i . ! I i Mel. iba, 

'Niiini .ii ‘. f .ti; ‘ < 1/ -1. • I \ 5 n,, < t.i-:.' 1' 11. i - • j 

r’r; -ili.d" .‘‘If \ I', i * I ^ 1 s I ii 1 1. >w- 

i,T I >i If 1 U’.i \ ! h* I ■'' 11 f 1 ‘I ii 1. > f,‘ Ml !!', i t . t •! ii(t) iin<I 

<'»! I'’-'! hi f < *7 rf t ii I if" I i'i ' ! !• ■ ii 1’.; I. 'lU' :ri'( 

-th hi O'ii ' 1' ''' "I ( \ I ' '1 •: t'! ' ’ll i[f f ,’ ..i ” 11 > • 1'.’ I 1 I 11 1,.' t " 

'hf .‘’-taui 'liiiif 1 1 I • V- i‘ 

.(.Afi.- ■ I'l !■> oifi.-’ !‘.’ll 



A HANDBOOK ON PETROLEUrvl 

tv-n IfiSPCCHiUS UMDlP Ifft l‘f.TPO! LUii^ AC7S, 

Anil f'lv rlio^v; v -f.1 s -1 '-t. ,;i- 'V‘ ‘,m f r', Di - n .li.<t f in. i mo Ji (’ 'f v*"n’ 

I’l.n pel .‘m'.iim'Ii .il.*' i'n-f t ■- t' mn v-Mi V' n 1 

.--hs on H : Cui'i-n I't”)’'; .m-. [■•,!.> “I ’'•liff .. i (i ’ io'n'i-'- 

i: i ■ \ f J '. ! N ■<) 1 I'OM, 



THE PETnOLEyH^ TECHlKJLOOiST’.'J P0et<ET BOOK. 


i •■f.'in l: I 


O'*’ 1,;. ■i-'. ' 'll 

? ■' 1 ' • . J 

‘ 1’. 

'Vi' ’ 


j( f 1 • 

1 1 , ' if,'',.' ' 

; ‘ ' t 

1 .1 ' ’, 1 " '1. 

' 'Ii f r '(!" 

'.Ml' ' ' ' 

•‘.t UL‘ Pt'-i : 

<. < [ 1 

.1 1 ,1 ’ , ' . I 

' '• '• .1 *' w, 

, .1 

.1 ’! \ .'ii . s h '> ;■ I i 

1 1 ' ■ : . ‘i 

1 -t 1 1 ’ 

■ : 1' 1 ■ fi 1 

J V I'l. , ’ ) 

11 in 1 'Mf i’l I’l’ • 


,. f 'i! !‘i . ■ • < 

' ’ll ' 'i.t.i’i • 1 *’ 

I'M' 



1 ■ : ! 

’’. .. - II. I'M I . 

i'i’u i .( i ;t ‘ 

; .’ • K.-uu’.! ! f. ' 



■. i.p, > ’ 1 111 

i,inr 1, ' *’1 i 1 

. I’f 1 : ■ 1 ' V 

Mil’ 

f 1,. n 

. ’ ’1 M- ’ ’I - 

iO‘‘(fiut. -f 1 ■ . 

' . . V ' I'i 

. . 1 . 


I-I IT.I’I 1‘ 'I Hi 

\ i.lwK. 0 ' I--' 

(' ’if 




iif ii M 1 ■ 






i.ilNOON : C!l\K’i}.S (iKll TIN & Ml,. I ! 1).. S'XfIfll Sil(i;i:T, K'fKAM). 





local OOVEltKAlEKT IlAS f'BOoKS. -^3 

Griffin’S Local Government Handbooks. 

WORKS SLITAIU.E I-OK ‘' 

UNOINIX'KS, ANMVSIS, AM) OIIiIkS. • 

F.., C.Uh.:V Ml,',! Ml ImiF.U-.IM'. M-m ' 

CiV!lV;iiHin«:i;i ins’PiMctice. i'N i [ 1 mmi; Wi.I'imm )•» 

1',, K ,!U. v ‘ ‘"M ; .r'<>'1- ( i .’U . 11- - ^ ^ - 

•Tlw Main i))',i!ii.iHe (it'r>A\ns. I'm I N",i . i 'i * v 
Pr.'u-ncrii III': • ' ■ 

S'tnitari !:iis;oi» f riny. i*- 

TlK-‘Priacis'iu-ui Si v’'ai;i-pi_-.pu'.ol.^ iFi..’! Ihmi'i, ■! .n.. ,.t 

H am-- V ,1.. ,1 r. 


\ i 


W-isto 'll ■ • 

» 1 t 

Mixlrrli ■!(■! piaclui'. i. •' 


0 !,i • I'.l- 

^ . ... , ,'11 ■ I ' 

! !i(! iii-rM'-Mi 

1 ’ ' ' . ' , , , M F' ' 1 , < ..It 

W.i'iv SiF. ill 

W.'u, Aim!- ' 'Vm S.iWmm .h.U Ti-Miiiicii Pin lii)s.t".. '■> 

' ‘ ‘' ' ' • . p, ,. • 1 , 1 ., I r - ■. i>' 

i •' ; y ,,'i , 111'. 

u;,,. .S.i'fi Sir '.VMM f fmi.m.m, 

ai Tmi ii^ p'.inii.n". ' ' 

i.h! S. I'.IF" M'iil iTi.iiiiSi n'.ii-M. 

Ft,;.'I'. 3-' 

r.M'ii .ilI’ll'-i. 

,1 > , 1 1 ' ' •.' '' ' ^' 

pi ,,'.1 11 , , ;w‘'I'lUl.'I I ' 1'11‘i IliUl ir.M.lI 1 I M.i. 

ri(' iruity ip'iMi'p 1" .F 

(AiyailuM.'uiM (Tpy cy'pjp'p '-p: 

'f I , .1 F, 1 , , ' I , F' - 

TF-i' F iliii’ili:' P- v.'m!' 1-. (i.iM. 

^ .P.MM.ii-aa.ii'ui 11 ' ii '.'i' I ly 'll' '■ 

Sa S *■ 4 il'il-’-W "I P , i 1 M 'I ^ 

Fire isU'i - ''''o- 


!, 1 , T> 

r }; 

1 ... il I 

P, - ! V i’l 

' •> , 1 ’ i-. '1.) xl. 
; . si 






v'i '• 1 ■ M]'! .li, him) 
ix.rii .v.M.i/i/.i ^ 


• H •. 1 I- 1- ' . 

FU'sn Fi'IhIs- a ’ll !''",i, - ■ 

7 (o'l S ;i ’ ' nM"' *'’3'. ■ V 

ir„ ,1 'll,,. ^ 1 A-, ils-i 11'. .3 ))■'. '•■IHl IllYTII. 

Foods: VI'' 1 '.’1. s > "' 'a'" nii""""i'o 

' roiiTIN A CO i'in., I'Vi,Ti;R SlKnn .STRAND, 

I ONDON ; CHARI s » OROT IN '-"•J ’ 




24 OUrlKLE'i GRIFFIN (JO:s I'UnLlOATlONSy 

l[i x\j. (.:i<}tlj !’]•. i \xir i 27 i. Witli IH lllu^t^'a^i(>ELS. 

l:»s. not. 

A MANQAL O'F’ 

THE PRINCIPLES OF SEWAGE TREATMENT. 

(Is i'iv >1, i 'XAK, 1 >1!' • i''1 .-I ’ Ii' liiM iiiii- O' ‘.i' II' .'i'MKj. n:uiO>w L.' 

jO!'-!!.'. M liAinn T t V],s I'm I>.. ).].<' 

' , ' ... j f.'.;,- 'A ' }:i ;i > ' '‘■■3,. !> j; S. . I' ' 

\:'r . '.'I I ' i!<- .11 (' ‘v ' >1 s i ' 3’''i '^ ! .I! I -MAS '.M, t'i r.l M - (..T'lAt 

M 13 -IMti'i-. t Ml' ’ 3. t;. .--vUi...;").- 

<1, <3i si i ‘ s... 'I i : 1 ’ '1, I. SI I . ! \ '! i- - ’ if ! ' ' i!il' P'‘.l si 

i’ .«! '.N '.s • i. s . 1 . s. 1 3 I S . . m: Vi' - 

.! ! ;ii3 A ,f3 ■;'! -,V! . , l!. 3.3V!.'-- 




HODiTh-'v methods of 

W A O H; P* U M f W f C ^'1, T ? C- . 

A Cv.^X' *5’. 'Im Do". ''.R’.:'" 3.'!-'j W-' . ^0 ycs^H :c Pun \^orlk- 






Fin-i AND EXPLOSION RISKS 


In 1\ 1 ' 'i. 3, • - ■ \\5’3. , 1 ! ‘i' L' lis 

A J .V> !hr o‘' til > 3 ; fi'-i'idil <i 

/' '/’h, tu .J/J'/ (*f-3. L. 

W I !. IJ M N i li i- I - O \‘. 

* 1",-. ,■ Im - ‘,3. . 'U: 'IM 'I ' '3 , 1 1)3,'3 


.,r ' 3 ! ’\]X iT' 1“\\ A.- 

■1 J-!' - ! IF-!-'. I 

i- -:»i (, ••! ' 'T-'! !■-: "I'l' 'I 




umm : uwui i in x a-, 5 ri>., siui-iri, sira,m>. 




(JIIKNJSTHY Ay]> TKCnAOLOUY 


Skconi> Edition, /t* Lanjt 8«'>. flandw/nc Cloth, 

JliudlraUil. W%>k aud 1'itjv.reB in the l\xt. i’/s-. 'net. 

EOA 

A Pfaclicn! Trcnii^c fot Enq/noi iti, Sinvf'uofs, cind Othcis. 

H\ Tno.>. Ai'I'KEN, M.iNsTO.K, 


■'ail'-r 'it tl « K'.i.K’ ut: 

!' It '.t 


'I , Ml'uii”'f.! Sicilian' 

■i| !(' D •<> \ I 'i '* i. 


-ilj.v I*', - , t t.,,. , W:-'. M ti Ill M 

I I tl M P I H . ■ ■ ■ I. . , M i, i' ; ‘ '•'i-, ,i\‘ 

! i‘ p 1; .'Ti_ 1 ^ ■' I .>,'i II IIP ; t ,1' < ’ '■ >'’n' 'ii' ■> nl ' 'nHi 'J 


L. Ji':,-' I. ‘ h /p' -.t'-'i. I’',. (•', 

U S T X. £ S S K O D S. 

TAR MACADAM. 

i;v .! \v \ i, K i: i: ^ p i 'l' ii. 


MOOERN ROAD CONvSTRUCTION. 

A Piaclira! 'Ir?.itis( fol me Vn ■ ! Encinctrs, EpluSenU., 
nt ’ ppp-;') A.',' ''Ais 

• ‘I! ' !■ - \ . I •■i.' ‘ I '■ 11 ,.t' '' r.nli. >'!. 


y'.N .NTTfODUCTSON TO 

'• * TOWN P L. A I 

A H^nubccp^ ceal't? w‘*h ' ■> *''•*' ^ fcitu'c'c'^nor- o\ Ifte Ptoblcntt 

if-volverf, Puftor or ~''.v fU 


,(I.: 1'^ ' ■ ‘ I' , ■ 

.... I" . i " 


I.ClNOiiN ; Cl’.Wi I'l 'i'! I'' * Pi- 111'- ' 'i V 1'' I'TRl Iil- MRA>0, 



C'HAULAS amifFiy .t- CO.-.V iniBLlCATIONy 

TECHNOLOGICAL WORKS. 

Ch«mistry for Engineers arid Manufacturers i; jiLorM, V \ anti A U. TM-oxam, 
I'.lA. \"i. • itjr'i'‘N. Us. \ol. 11- Lpirii'N I'is 

Oils, Fat^",^Butters, and Waxes. I’v -M.iii.a Wrimit .•m>l Mmishi.i Sjv.'tsu 

Oil;», Ressos. aniJ Pamts'Analyiiis nnd ValualionR K\ Um-Ri Im,ii !‘S' h t • Rl. 
Physico Chemical Taliltj, i:\ ‘ i.. f ■. i ir >.-.s j u-u'I'm! riUi''ii->'niu’ 

•J'.i.ji! ■'( i il T.A .Ivi ,» <; Ml- I'l-r;. R. u i 

QuantJtaiivp Jrioriansc Analysl''. Lj .< \v '.fi- u-» 

Water Analjir for San. and Tech, furpose*'. Ii. !l 1' !- i": 

M'*thOds 0 i Ar Ar..nly'is. R. ' iUi'mnI M!' ui-i' i' i. • ' 

The PrinerpSes and Praci:co fi* riiRwiiin. i- 'm NM ' JiMM l.i':i m iirUL-i' 

Technical '■ ' - m '' ’ i in 'v,. >.■ I , ) ■' mi. 

(1 . -r.. 

Micro-Orsanisns aniS rermfni.*l!on. i ■ i ‘ i i - i s ' i iiii' ^ 'la- 

Fermerits and xhcif Actions '■ i .'.a '-i, i, -,.i, ,> M ^ > ilji _ a 

Vin«;>f" U. Mo-'i'-•’Uyf t*jm.nai'on ■ i > ' i , • 

Pfi£t ; i>c U ^ pad Maau5n:tR/-f, r- -I -i • ■ ' 

i;oiT»iirti.vtf’ fc and ii Fo'Atnl’t't' ' • 

Pspo? TfcnM . ’ . ■ ,i ’ > 

Ststiooerji 7*' tin". . ; i - 

The hvinilija-'S', '■ ' 

tSMtjsh Vh.i’u' a-U Sn’fl". . ' '■ 

Ceraniic ' 

/.ft 0*' *' V nolu>mjth .im. 

Smok.' ASialfiriPT.I. a , - 

Calcrtr^ou'-. CcinriAs. I.- ' ' f.M 

HandweakC'a vVori' CRi's>-njt.;. ' 

Gas Main.'facfi.’rc. i i , t w- f 

Calorific Pov'tT 0 ^ Cc.'.l fi 2 '. . ‘ ■ 

fuel L'i' ' t 

Acetykna'. I-- i 1 • i , - ■' 

F’ra ano Lrriira-a Krk ■ '■ 

tflKinUi’n^' i'cti St'-i! 

TechnQi:;;r <■' tarn t;.:no'i!i''? and iinidni 
The Chcn.'.Ry U '.it Coliosoo - . ' 

I CcItuU'itl , .tc Aoj'ccD'Jon, aid SniJitilutf-i - i ' . ’ i ‘ ' M . i-i'- 

Choniutry 0 . t'loia RabBcr, ■ \m i >. 1 'i, u .{irii ' SU'* m, r. 

“In .ir,.' - ’1? ,• 1 : , 

The WaauTac'.R : ot Rit: jcr Gaods. ' > , ii■ ' -a i•' ; - -i -nt ■: i'> 

Glue, Gela'-ia., and i.ea Ali.ecl Prcuncts ). i ■-a t 1 , - - 

lU:-. i'.. . . . , , I • 

leather Trr.tfee; CaenM3t’’y. A ii ' *- \ > l, juai- ii,r ;.-‘ii M.ii! 


h! '-ij .j i I 1 

Ink J.'.ar'. .ac^urp. ^ “ ■ Mii-.i.;!, i ' W a ; 1 i 111 

^nor;:anic ChPnR.,!rv. . I t ■ .i-.; \vj - itu'! Li.'hs la'’, 

Eiemkin^ o» Chcnucai £.ni.“."«'nng. i. ' r- - • i • % . l‘i'' ''i ■ >• . :■ -a lU i'<: 

Etemtfnk''ry rract/'-’U -hcrt.tii i. '“ii'- .i ■ Mu- i . 


Outlinsj 0* OuanI iffiive AnLiy'.ls. !.}• \ i’ ' i :■ in'i ‘ u!!' ' 

Outlines ol i^unl'lative Anaiysi?. i ' n .a-s j i <' i'-i (r a Urni ' fl'l 

10N!):»N : CM\KM;S liK'rriN * CO., 1 10., lAClKk STkI.I 'f, SiRANI). 






CUEMtSTRr AND TBCHNOLO'iY. 


THE FERMENTATION INDUSTRIES. 

Turn!) Ill il.milnuni* Cloth. Fr.llj’UiustiAlufl. 2i=- not 

PRINCIPLES AND PRACTICE OF BREWING 

FOR THE USE OF STUDENTS AND PRACTICAL MIEN. 
Ur WALTER J. SYKES 
Ui.ttsiiii hi A!iT!ir'!i IT i (NO. PIC. E.i'S., 

• ^ inis',*.r ,>‘ till .1 Ii;>! Ai *1 tli*' ti’ 'l * ■ { (ii t v, ur J 

ri,?.’'lEN!F l'i,\ I,,,, i’l .•!,'(.i* ! 1)., ' ',1 ruvl’, .* - 5' 

Mil I •.,'.* oj.' iL Ft'iF'H tii.i'i >> ,1*' ii.iihv O'; ''I'ti'.'i'f 

Arihii,;' ’’.If i i w' '’n i\‘'( \ }'• ‘ut tu'niil.V' *- .*) ’si'.t. ■ u 1 i .uk ic ui i -u lUlisci-lu 
f'iuon A"!.!- iri i •* iMf: 


•! H'k ' - /* I " 


up • 


• I - 


TECHNICAL M Y C O L O G Y J 

Th \ ih!!' ..:t '.r. .! t**,-;,’.,- ' P /f •- .,' / ' ’! f / VUl f t 

t.V ifi.. > I; A N I y ■\ '■ 

• i ■i I' It .If 

Vo‘.I iTiTtrai • 

Vo’ H. ECJMYxpri’i'’' r:'‘Hri(i’:N~Vv'ilor. , ■. i 

‘ ! ' \ . I , • , . * . • . I- it I' 

‘ Mi 


MlCBO-ORGANiSMS AND FERMENTATION. 

u, I''’' r’l 

T . . . ■ 1 :■ I li \l 


j I, G MV\ I! , 11 « I .t|- ' ' - ■ I' f. '. 1 ' ’. 

FERMENTS: AND THE® ACTIONS. 

A T,k r./( tfh Chci)' ^(>.1 (ini t-■ t iti. r 

f;. ! \'‘I 'li 5’.' I> . 

^ s , ‘ \ f\- "M 'll . i‘ ■ I ’ • I ' ‘ 

, , \ I I V , J*.' I. ii Tu.|. I '■ i'Hl’ I. I 1 ! < 1. . : ' ;>1 III . l! ' il U’"'' * ‘ ' 'it - 


•il ! -11 ■ I V. 

If l.T !" I 


Ml’" 


D !),■ \ • v" Ui I Vt IL- 111 I’ .tip 

Pi.ihir -1 . i.s }. I'l -f. Ml- .< ■■"*11. i. 

i a, til ' I I nu-li '.I hi o\f. 

1 . il.ipv • 'T Ui.’ 'v^.' i<* 

prapLy ♦ "ti'! v 


1 i.v '..1.' .i.u \v-i, 's - 

I ' n ' hU'! ttlPiu*!':!' •- i'lU'i' 

, -..til. '.r.!',' 

I , ).\ii ' , - \!'o(( .’p' i * f*. .'iif i ’.ill - 

! -,’1.) i’.iu.i' 1 i1"yi r.^—Fjt'iio- 


LONDON : Cli.’kiliS Oltit tlN & 10., 11!)., lATiTK SIKTUT, STK.liMl. 




jS caAHLmS (JHIFFIN <b C'U.'H rUULIV.i FIOXS/ 

In Cloth !>p. i-xxxi 4 7-S. , WHh 2 Colour-l I’l.itos and 200 other 
illutitnitioD?- nvt. 

A TaEATXSE ON 

OTJivNTITATIVE INORGANIC ANALYSIS, 

With Special Rcfciei'ce to the Aualvsis of Clavs, Silicates, etc. 

JU .1. W. D.S'- 

, „r in.f Ml fi —'wliniit liU; 

An-i'>v»s , ■ {„ ^ H Typical 

J>ryii'.* - !'• - • Ti,. <' -I at. S ' . i..'., ' i:,r "-Ht i! -• 

SHiCBle Aaaivses -CiB>s \.'l; • y' >'_ > ,i.. 

-V Mf''' cl 1" ‘-■t’li'-c - I'’ 

Quicir ColBur. ani Co.iipKK '’' 7 *''/'" ‘ 

_ i,.!, IM IT i;) i. - *>'t v I j\ special 

.-«'„nw a'l Cl' M ■! I ‘ If • • fi'.. fi ' i Jf-!‘I m 

Wetherst, ! .. ',1,' , ,, 'i 

Mui M i, V.u.t.ff', ‘ ^ 

_ (i.^uttf'].■ \ f.'-fi'CM ^ It -i ■i.pcrtiH 

ilM'.f - O ■f'l I'-. I l' '1 ' ‘ ‘ '• 'i • , 1 .u MKli! -- 

M'lthcri? - A'ld-' ‘'iJ't* Nt)?i ^ c.m >. ^ 

SulS'M o I '>■ .. .. 


r 


(>■ 1- 


CLAY AND POTTERY {NDUbTRlE: 

i,,.;,... 1. , ' i ,■ i'." >.. > !" ’■ ' I 

] lii la. 

]; N 1; CKi: i- ' '! li 

E.,r.cT, ov I \L W'-'- 


la I. 


II.I 1 .'iK , 


... t ■ 1 I' 


r.ii'- i-L 


CERA1YI3C LITERATURE 

. ..a.pE.i . - .. :> i a-. M 1. 


IN. 


Ih. ti ■ i'- 

; c ‘ I '•! 

\ t L. 

V'- 


, ,, ' i'.jl,,.. \i . I - I 

I ,,l i ,M'. " '7 ■1]'> 


>3 K I Q ¥J E IT T I N O. 

. Coai, Snalc. &c.: Ore,. Furr...ef: Producis .Vtetal Swari. Kc 


j',v i t ■'■A' K I 


\ V ! 

,T- 

/..L 


’.I. I « • ' *' 

j,T.. I- ' if. “i- ■' ’ 


•: i,, i , i. \\ I m ^ 

1 titf " I'.f' ’‘I '!■ 

I 'M.I.MT /f " l’"<' ' 


: UlAKl.ti. littli NN Ct... I I !.., t XLT-.K S.RIXL STRAND 








('ii/eMiiiTRr Ayff tkciinolooy. 


InMwl.Hto. (‘bill. i’i>. i \n r 171 . Wilb Many lnhUH. Gs net 

The Theory and Practice of 

Enamelling on Iron and Steel. 



i , I . , (a.a .nil a-ar ii.i ■■ ■ ■ <■- ''i-i 

The Technology of 

Iron Enamelling and Tinnmg. 

ini.ir- . 1-1 N'\ 71.1' !'• . I-"- ,, 

. I I ii ii. H.. a 'i 1 ' !'■ 


Tur’ kaw MA-n rials' t>r Til'- rrSAMH INDUbTRV 

AND THE!:'. C H F. MI C 1- fECHNOLOC,. 


1. 


, - . l; . , ...i.n !■ . r'a»’ ■ 

C E I L U L O ' T>. 

ITS a-ASUl’ACTURF, ArPUCAl'■■’NS, A'. A '.aTSTiTU TES. 


,i i lA ' . 


V.IE M/JiUFACTDDE OF INK. 

^ ^ ^ . >1 11'lt I'M f'A'!' ■ fn ... V-niiM’, 


{•.i r 'i 


IU..V I i’Es 
} 

: I... !■" - 


i ‘ . ;! E '-'is I'H. 

...ilMl M lOJ.' f'"*' 


. I .'7 ... !i.n 'I.-' „ ,, „■ , V, Ii., lav --.n. . 

1 ..,.,. ; 1. J.II, . I I. ' ; 1 A,,.;'";.,,'., ... r-,'I,.. I I 

■■ v«!i.'^ ’■ >Y' . I,,?-- .,,.1,1- 

1:;;:;:^lit-", v't"-;:; ..a 

lSihia-‘ uLyvii'; uiiiiris'ii to', ni-., iaeV-K smillrstkaad. 


, ! S i.l , iMK.i , M i 



ciiAin.his aniFFis' A- ct>:s rvHi.hwrioss. 


FAINTS, COLOURS, DYEING, AND THE TEXTILE 
INDUSTRIES. 

TFEAFISL- ON COLOUR MANUF^VCrjRE (Prfparatioiu Examination, and 
AppIicjUion ot Pn:mcnis). i /.i ic: .m-i O? to 'jcm uh 

i- !>' I M' Inn;j !■'! 1 

F.U ' ' . ; 

TESTS FOR COAL TAB COLOURS IN ANILINE LAKES. iU i.L-'unr 

1 i,> })r ! •. Ii. . » Io(h 

i'>4 •)>! :i- I 

PAINTING AND OECORATING. A CompHe Pra/'iic.M Mamut iO V -t. 
i'< > ' i' ; M-, 1. f:. 4. a,ii V:.:-- -.S 

iDEAS AN!) STUOiES FOR STENCILLING AND DECORATING, ^ 

I',; Mm-itm n.j \h ;i, ‘,-. 1 ..' ,ir ! :,i 

PAINTERS’ COLOURS. OILS, AND VARNISHES. ■: ii ‘li> ,, M 
! h-'i■. 1 w'.' 'i: ’ ■ 1 < ■: L’ ;.r ■ 1. \ ^ *'• v - 

PAINTERS LArKHlATORV GUSDE !' O !' ‘ ^ ^ 

UTLS. RESSNS. AND PAUNfS. *■'. i ■> ' < 

.A SLANUAL or DYEING i, A O . - i ■ ) t , 

M f: U i' i i'. M -i:, -1 

V ! ifT. -1 

SYNTL'ETIC OYESTl'rPS aun Dm LHrtnKMi.Je PiodiK-S >hav 

art' ‘ ‘. -y I j' ! ■" , ''I O 

10£ ANAL\:AS of LYCUrUFrS, < 

niCTIONARV CH' DYrs, S]ORD‘\NTS. AND OiHER f-uviroUNLA i - 

SPiNNiNG A'ra3 T^A^TiNG ('F lONu VLG.UTArLI' rEHilES 'It-mn, 


* fttK rCF- -H' WEAVER'S HANDBOOK. V--. 0 !' A m 
BUVE.RS AND SICLLERS ?.N Tf’L ConON TR'.PU G- '' i' G, w; - 

A. •; (, » i.r - • .. s <.>i ' ■ ( 

TEXTILE F!’P'’!E- iJ’ CO''/^^D ARTr-rfa'-c. DisJrdm'jon PiVTia'.aii.n, 
ai -j G'm J- 1' V A J O' - \ N j' > '• ‘'-G! 1, 1- l»'4 m' ' 

liLLACAL-fG AND 0; COTTON. E- : 0 'I. W \ 

. • • , I M : 'Gl i' f !;• ’ 

iEX'nGl-: rPIKTlNG. G. ; !'> * ... OSi?. r. ; i !■. ; r. 

TtXT)!.ii i-IJiNTlSr.. l;. I !■ s i Uiu .r ; ,i. Ji.- 

OVEiN'- .Mi!! CLEANING, l'-, r.:-,i 1 ■ i i.. M,- 

'(> 11; . u ••- •!>. I-.., j ,v ; 

BLEACi'ING ANi) CALICO PRINTING. IF '.i • t \ . i-G-i -.-v 

^;^J iiaM"'.'. (‘I'M ’S '111 

lUNiiON : CHAHi.! S ARIMTX A cO . t iff,. LXi:'U:H .SIP1:1;T, SIRANU. 



TIIK I'lJXrihE INBUSriitKS, 




‘ryj: >'pj(1 AMD T’A rSTsNG OF LONG 
VEGriABLE FiM-L-: 

(FLAX, HEIHi', JUTf. rOVV. A 



\ lONIlON ; Cli'Wl r: (iKil-l'lN a CO. ! !li., i XPi'CK STK'XX'il. 

} 



CHARLES GRIEFJN <b CO/S PUBLICATIONS, 




A TEXT-BOOK OF PHYSICS. 

By J. n. POYNTING, So.D., P.H.S., 

of i5iniii!iub^«i I'niveiPity, 

Ani Sir J. J. THOMSON, O.M., M.A., P.B.S., 

T‘lull5‘)^-n■ of ExpcnnitVJijsi 'i in llu' I. rir\t'ivitY of 

In Five VeJuines. Large 8vo. Sold Separately. 

iNTfiourrTt'io'^ ViM-TiMv Finn Kditu'S, Ktmvnl, FnUy lHa8t'’ftted. 

10s. tni. 

I*BtOI»BRTIES OF IVIA’TTFK. 

(’OKIRITTB. — Ul.li ItllU.’!- — I'.U' Ac- O'l ll'i >r» (*t .Is — Hifll SU-'lty — St !< HHfti fir ’ 

•S'rams — T'TP’o', - r-r-ESiii.*’ Si i t.un ■ ‘ - 0‘ 

Llqul-.K —And V. .n-,”- -‘f i-ti-n" —T^-rju.m l-ft'-t-. aiiJ Ltiy ''tiai. 

Ofioijl.ir'tt--s'siif iuc”'I —[yiiji’tit js’p "tin;, s't v .‘i iM-iiov —' of ~ 

' s!fijpio»i of - \ • 1 I. ' 111 -'!'. - .’o I X 

•'\Vf it.i.'ir} ,:,K 1-) >i-ir.-lu-i.-i'i-,. '.H 1. . i-i-;-':!- ori.-,- 'i ‘ - I af i van 

K-'-i lis ;1’. i-iM-'i-’ ( II f, .>i/ii',V. 


VoLFM!' |{. Sl^Tl^ J‘!nrr'-fS FiiTy -ui], lOioo Sa. 6 <L 

S O U N X>. 

i oKTi HJii - TJh- .Nil tire ('t S«i!r. ' f. 1.1 it--.. M. t (J. lini. ’ • i i.-ti -r - '1 Eu- \ r! \ lA i-'iuutf 
li ’-'t h5).' ..fh-’t ifriJ'-T. - I! •!’ I ;ri! jvii'. !'’i -- i i -.u-i — iMr-.u-\ o.-i tM.l- .>* 

N- hofii 1 HI. ■; n:i ' V m. ' ’h i ^ nos r' \ ''...i,! <,,is - ’l’) ; > -i,. - 

V ifSTKt l.'H • o' ,* ’i .‘I S'! " fl'J s'' . i ip,.,) n , , , iLi A .! C'liS It'-'R -- - t' » 

—yrujb'n'iO- ’fi III .•‘1, \,,'.*i'lno>R ; ) •.•.t'— -jr'i-'-' ?■' . o t Jr’ 

•ItiuNSo ' MU', ls«cv .'..7 'o-'l- i‘ : [■> U'lv . .'f'/.* •„ 1 >J uti Hi^Y 

rp 11 > 1 ' ''.'A' • I'll >.71-- ' '1 .. — / ' ‘ II 


Vo:tMLii>. y, I l:V', i .ori M', ruli\ i'.lnhM'uti’iS. flK'i-lf-H. 

MEAT. 

Ci'M'K”-.'- -'■'!’)('! '(:■ '.> ) o '.I,'. ! i.,ui • Mi 

in-\ (o'ls.-i.'«' 0 K t - I'..-,■ I,'. i-iM-j f {■-'■’v, 

('“■■rol'VHf'-.M \lr‘ !i ‘,;.ir,o I'lp •' l'.,o {'n' i- ! < 1 •. l^r'.rT.. -'I .,i .pt . 

X - I 1 (i ' I! t' ii.‘' 111 !•' i ' 1 i 'Oi" s'-J ' '' ‘ ''’-'-in (!'• 

Ka<! . 1 ' "'!■ - r- ' ' I \ i "i.'-i - iE' o: ' I i. ' > i ; i. mi..i Ev. no r-. - 

1r )1 !l»M l-!-! HO-: .A.‘ 'j., , , . J J. i i I.'iij !' f i A.sll, 1 R -){ ''t'-tl , 1 .'-litl- 

o W t li '.r I - 'i.il l'^■' - 1 '> '!.• ’. ' !•' 'i I i'l-'(i -'I' ’ • o',i It/I 


ELECTRICITY & MAGNETISM. 

>A'."r:; I !‘. ;i l,. - l.''!' i-m,' ■ -’l'- is- I 111 ij.l 

ST.AUG Ef.ESTRI€.!T7 AND MAOCiETISfV!. 

C.\-ns I'.'T.o','!. i’l'i • I -11 - - '•ii'lii' S>i '-11 .f n. .•S'juirr" 

■^1, r;, . • f. - 1 .1 I ,•>■ • ! n ■ >i 1 I • j - O'l ,l .-Ini.O I I, 1,' ' 11' *Ik» 

, }(•(,*. - ^ I I - I ,t • ’rs ; 'M -1; - ■ 1 " . ' 11- 'O' . ...• M f’li' " i'-: 's.i'i < iifi 

— (Iri-r'r . JliiHlIs. ll-ii-- In.l .T'l-i 

jlf^rAp! .Vr li'r\ 'I hr' "iMi - \.l>r>ii'r, iii iifi-!'r sO.nti- Vyriv 

nrn! Vu lii"ii-' if- ■‘.iiyi’i'i N.ii-'- - U-'l'.'.lir llai'nrl#' 

nth.'r j! ■ ‘ '•'-O'.i (.a* lull- lu'.l.'-.l M.t,rH"l’.s'l;..- 

Vi-n.r’iJ't'.t s’ ■..■■''*1 M-oi M r ii s'.il'i'iit’ - Inr-vtn’Mnj-'iK-UPm 

-Mu,''- 'rr/l 'si, ' -> I', .t,s 

••'ft. - 1 -' >V 1*1 . .1 ' 1 * I X--' M r I'l Ilf /nt l..'T ni tJOJ- T tO 

I,.)--'.,' ■ , ./■ -l' ! —r , 

P'LliT LI !•' H- Lm f'MVi., 


■VOIjIJM I V Xstf 1 O TT --{■ If l‘rou‘fr:M lOTi. 

LONDON : OLSRl.llS (iilll-riN & tO., nil.. tXr.HK .STKiri', STRAND. 






IHli THEORY AND PRACTICE OF 

ENAMELLING ON IRON* 

AND STEEL. 
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CHAPTER I. 

INTRODUCTION. 

Enamflmng, which was for too long regarded as an 
insignificant though interesting industry, has, com¬ 
mensurate with its extraordinary growth during the 
last ten to #ftcen years, become of considerably 
increased interest and importance. An industry of 
which the total output in Germany alone is estimated 
at about ;r3,ooo,ooo annually, and which directly 
employs 20,000 workers in that coijntry and frofn 
12,000 to 14,000 in Austria-Hungary,has established 
its title to economic existence. • 

Its growth dates from the time when the empirical 
worLr in the factory was displaced by the scientific¬ 
ally trained technologist, who, investigating methods 
hitherto ^alously guarded* developed them ; and our 
industiyr has this in common with most others of 
importance, that while earlier generations of workers 
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sought from an empirical standpoint to remove such 
defects as made themselves manifest, it is their 
successors, the trained men, who have succeeded in 
divining the cause of the faults and so removing 
them, and who, in addition, arc able by a study < 3 r\, 
the chemical and physical properties of enameis to 
select the most suitable raw materials and use them 
to the best advantage. 

In this manner the industry has not only been 
able to keep pace with the constantly aJ/ancing price 
of raw materials, such as felspar, tin, tin oxide, cobalt 
oxide, coal, sheet metal, and also wages, but by 
simplification of production and improved methods 
has won its way into popular favour and increased 
general use. 

For the progress attained, however, it is not only 
the up-to-date worker that has to be thanked, but 
the fortunate circumstance that manufacturers have 
everywhere been found ready to eifiourage every 
advance, even by costly aiul often fruitless outlay. 
These men, with their untiring activity, have been a 
source of inspiration to their juniors ; and the latter, 
with sound theoretical knowledge and high ideals 
and aspirations, applied themseh'es *to this new 
calling which had lain so long outside the beaten 
track of technical activity. 

Trying work, many cares, and frciiuent reverses 
awaited their efforts ; but so .much the greater \las 
the sense of satisfaction* when a new ad\ance was 
chronicled, renewing the vitality of the irdustry, 
and indicating fresh channels for its development. 
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Owing to .the exceptional rikture of the enamel 
industry, its literary treatment has been but meagre 
in character, the existing literature being hitherto 
of very inferior quality, since it is either entirely 
.Obsolete, or at the most only up to the standard of 
the itlninitiated. It is true that a few actual treatises 
for the worker are in existence,* but in general one 
thinks of literature dealing with enamels as consist¬ 
ing more or less of disguised enamel formulas. This 
degraded materialism on the part of the majority of 
experts may keep many a searcher after manufactur¬ 
ing recipes from the .existing publications. It must 
be stated, moreover, that the publication of formulae 
not only frequently entails a breach of confidence, 
but may also be absurd anil misleading. 

It is hardly necessary to state that one and the 
same formula is not suitable for all work, and that 
the chemical composition of the materials employed, 
of the sheet metal, the kind o^ fuel, the muffle and 
smelting furnaces, and the methods adopted in the 
enamel works themselves, have a definite influence 
on the composition of an enamel formula. The 
true expert will easily be able, after a. short time, to 
prepare on demand the most suitable enamel possible 
for a given work. The diflcfence between the 
fonnullSe often lies in quite small but nevertheless 
imjiortant deviations, since in essentials the nature 
of*the formula; is the same everywhere; for the 


I t'i.'jilly ;nakp an pxrcptioii in t]ie case of the interesting 
economical study of Dr 11. Wupj.u'mann, on The Industry oj 
Enamelled Hardu'ufc in Germany. 
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enamels are chemical compounds, which are only 
capable of variation between certain narrow limits. 
Again, value and knowledge are not to be gained 
from fhe formula-book, but from experience and 
intelligence. *■ 

Finally, the technologist’s experience of* the 
process is not his exclusive property, for though 
he may in the main thank his own intelligence, yet 
almost alwaysr his knowledge has been acquired at 
the owner’s expense. 



CHAPTER II. 

THE RAW MATERIALS. 

Felspar. —This important material if- oi)taincd 
almost exclusively at the present time from Norway. 
The felspar may often safely be replaced by an 
indigenous mineral such as one finds in Bohemia, 
where it occurs in sufficient quantity and purity. A 
good felspar should be colourless, or at the most 
appear faintly yellow {Mosicrjehpnr) or maroon, and 
should possess the following composition as nearly 
as possible 

Siliceous earth. . . 65'0 per cent. 

Alumina . . . i8’0 „ 

Alkalies . . . .16-5 „ 

The purer tha felspar and the less it fs contaminated 

by iron oxide, etc., the whiter wip be the enamel. 

The, table on page 6 shows the composition of 
the felspars according to the locality where found. 

yVs regards its use, the felspar should be obtained 
in lump only, as oppo*scd,(tf) the increasing employ¬ 
ment o| powdered spar, for in this way only has one 
the certainty of always buying the same product, 
free from admixture with cheap quartz, etc. An 
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analysis made at the time of purchase is well 
worth doing, but the expert knows the* nature 
and Vjtlue of the felspar by merely looking at a 
specimen. 

Two felspars, rrtoreover, possessing the same 
chemical composition, may have a different influ¬ 
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ence upon the enamels prepared froni them, accord¬ 
ing to the mines fi'om which they are obtaineil. 
The cause of this phenomenon may depend on 
molecular conditions, but as yet has not been 
investigated. 

The expensive and now ob:;olcte process of making 
the felspar red-hot .and then disintegrating it before 
grinding is superfluous. Great care must, hi.-'wever, 
be taken thaf the felspar is not contaminatciS by 
earthy matters, coal, etc., such as may be gatheied 
froHi the ship and trucli., Ir* such cases the frag¬ 
ments of felspar may be sieved and washed? ^ 

The smaller pieces are ground apart for use in 
the preparation of ground or of blue enamels. 
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'Quartz. — An important and usually • un- 
adultemted product which may safely be purchased 
in a powdered condition. 

, In many places the quartz has been replaced with 
advantage by beautiful whitt river-sand, bodies 
which chemically are silica, or, in other words, pure, 
quartz. The best substitution, however, is made 
where enamels are prepared from river-sand, not 
from quartz. 

Concerning the origin of the use ol felspars, 
quartz, and especially clay little is known. 

Fluorspar.—Only the best and purest qualities 
of fluorspar or calcium fluoride may be employed, 
es]iecia]ly foi white enamels. The difference in 
['rice between the various qualities is not material, 
in view of tlie relatively small amounts of fluorspar 
consumed. Great care must be exercised in taking 
the correct quantities, since excess of lime is always 
detrimental ; while for grourfti-cnamcls fluorspar is 
avoided as far as possible. 

Borax.—This compound has the advantage of 
being less complex, more agreeable, and more certain 
in its action than a mixture of borit acid and soda. 
Bor.ax crystallising in the monoc]inic system with ten 
mi'lcciiles water of crystallisation (NajB^O,-)- loHjO) 
muSt be distinguished from that crystallising in the 
regular system and containing only five molecules 
of water. 

We,are only concerned w'ith the former substance, 
which melts at a red he.it with a loss of 47 per 
cent, of its water of crystallisation, and dissolves 
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easiljr in hot water (200 parts of borax in 100 parts 
water). Specific gravity = i‘69. 

Borai?c must not be stored in a position exposed 
to the air, as it attracts moisture, alters in weight, 
and so causes an error in admixture. For the 
.same reason the moisture content of a borax con¬ 
signment is determined at the time of its arrival, 
in order eventually to obtain compensation from 
the consignor.' Up to as much as 6 per cent, of 
moisture may be fixed during transit, and the effect 
of this in a large enamel works needs no further 
discussion. 

Borax is imported in the form of very fine powder. 
In those works which manufacture their own borax, 
it is carefully dried by being left a sufficient time 
in the centrifugal machine, and then ground as fine 
as grain. The finer the powdered borax is, the 
more intimate will be the mixture wil^h the remain¬ 
ing enamel constituehts, and in consequence the 
more uniform and beautiful the enamel. Generally 
speaking, the preparation of one’s own borax is 
intdvisable, since various disturbing factors may 
arise; but, in 'addition, the manufacture of too 
many separate proefucts for home consumption is 
not economical. Here the law governing division 
of labour consequent on specialisation holds gdod, 
and those chemical hrms which are engaged mofe 
or less exclusively in the »njanufacture of borax, the 
production of metallic oxides, colours, etc^, will 
always be more capable of taking up work or of 
entering into competition. 
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Boric Acidi —In places Wliere boric acid isi^sed, 
the chemically prepared pure substance, which never 
changes in character, is preferred to the discoloured 
jTuscan variety. 

Soda and Potash. —These bodies give the 
enamel a bright lustre, but excess must be carefully 
guarded against. Soda is to be preferred to the 
more expensive potash (potassium carbonate), since 
the action is identical. The term sS:)da is used for 
the body corresponding to the cheml:al formula 
NaXO,+ioH,,0, but in practice only calcined 
soda is employed, being anliydrous sodium carbonate 
in powdered form. 

This calcined soda, containing 41 per cent, carbonic 
acid and 59 per cent, sodium oxide, is stored in a 
dry place, since it is highly deliquescent and liable 
to form lumps. As in the case of borax, so with 
soda : only ^ very finely powdered condition is 
employed. 

Ssltpclrs. Sodium-saltpetre (NaN03)ischeaper 
than the potassium salt (KNOj) and acts in identi¬ 
cally the same manner. It is added in quite stuall 
quantities t(j the enamel mixture, •and its primary 
function is to decolourise. To blue enamel very 
little saltpetre is added, or, even better, none at all. 
After common salt, the most hygroscopic body is 
saltpetre, and this is stored ih boxes lined with 
tin-plate and cajxable of [leing made air-tight. 

Cr^tflite. —Both natural and artificial cryolite 
are procured and employed for this industry. 
Recently many sodium .silico-fluorfdes have been 
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used,, these being obtained for the most part Is 
by-products in the manufacture of artificial manures, 
etc. Ill the above, the removable hydro-fluor-silicic 
acid is taken up by water, and the sodium silico- 
fluoride precipitated • from this solution by the 
addition of soda. Many works use common salt 
for the same purpose. Before using such a sodium 
silico-fluoride, a warning must be given that sodium 
chloride is alw.ays present, ami a sodium silico-fluoride 
prepared through the agency of common salt is 
recognised by its poor colour and disagreeable odour. 
A simple analysis such as the* following quickly 
shows the presence of chlorine. A sample of the 
body in question is boiled with distdled water, 
filtered, the filtrate acidified with a little chemically 
pure nitric acid, and a few ilrops of lunar caustic 
or silver nitrate solution ailded, whereby a chloride 
will separate out as a white, curdy precipitate. A 
faint white turbidity •indicates nothing. A con¬ 
venient quantitative methotl for estimating S(xiium 
silico-fluoride is as follows :—A weighed amount is 
talren, dissolved in hot water, and the solution 
titrated with 2N* (twice norm.d) caustic; soda, using 
phenolphthalein as indicator. The calculation of 
the amount of pure sodium sdico-fluoride present 
is given by the following equation :— 

Na,S:i'e, + 4NaOH =-- 6NaF + Si(>, f 2TLO. 

Commercial sodium silico-fluoride contain?! yo-95 
per ceitt., and has been employed with much success, 
partly displacing the natural cryolite, .although for 
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Aiore expensive wares, and in the case of blue enamel, 
the natural cryolite is preferable. 

The so-called artificial cryolite which*is used 
possesses a variable composition, depending on the 
vendor and on the price. The more inexpensive it 
is, the more quartz or silica it will contain, so that 
here good cjuality and cheapness do not go together. 

One sample of an artificial cryolite had the follow¬ 
ing composition :— 

(1) 95 per cent, sodium-aluminium fluoride 

(ONaF + Alig. 

5 „ silica. 

l-'or maiiLil’.icluring jnirpnses this quality is most 
suitable, and almost entire!',’ corresponds to natural 
cryolite. The ratio of AI,l’'|i ; Nah’ —40 ; 60, i.e. 
normal. 

Another sample was made up as follows : — 

(2) 80 per cent, sodiuni-aluminium fluoride. 

20 „ valuelei^s quart'/,. 

Naturally this was less expensive. 

iMirally, a still further interesting composition Avas 
exhibited by another variety :— 

(]) 18 per cent. .AUlpi (alaminium fluoride). 

50 „ NaF (sodium fluoride). 

’^2 „ SiCX (silica or quartz). 


A fourth contains :— 

(4^ 26 per cent. AI.,F,). 
• 40 „ NaF. 
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Fropi the above examples we learn possible varia* 
tions-and causes of failure in enamel preparation. 
It woulc^ not be correct, however, to deny every 
advantage to artificial cryolite, for when the com¬ 
position is similar to No. i above, then the natural 
cryolite may be safely replaced, if the difference ‘in 
price allows. When making a purchase there must 
be a guarantee as to the conifiosition of the product, 
and frequently an analysis is desirable. 

It is obvious what an injurious effccc a c.^yolite 
substitute containing 32 per cent, quart/ nuist 
have in the preparation of enamels by an unsuspect¬ 
ing manufacturer wlio, unwittingly increasing the 
silica content of his enamels, obtains an insufficiently 
opaque product. 

Natural cryolite occurs as a beautiful mineral in 
masses having a milky-white appearance ; it is greasy 
to the touch, its specific gravity varies^from 8'5 to 
8'9, and its degree of hardness is 3. Cryolite may 
readily be scratched by the finger, crystallises in the 
monoclinic system, and is easily fusible. 

The warning uttered in the case of felspar is 
still more necessury for natural cryolit;p, for it is 
always purchased in lumps and never as powder. 
Befo-c use, the cryolite is carefully ground under 
personal supervision and mixed in a very finejy 
powdered condition. • Cryolite and its artificial sub¬ 
stitutes act as fluxes, yet a^ the- same time produce 
a more opaque enamel. In the preparation of 
white enamel the amount .used must not exceed 
15 per cent. 
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Ammonium Carbonate. —Many firms, when 
their white enamels, add 3 to 4 per cent, of 
ammonium carbonate. Opinion as to the,value of 
this varies enormously. On the one hand,* the fact 
is put forward that ammonium carbonate volatilises 
on heating, and therefore its addition is pure waste, 
especially as the product is somewhat expensive. 
This is perfectly correct, with, however, certain 
reservations. On the other hand, it has been firmly 
established that the addition of ammonin n carbonate 
to the enamel mixture has a favourable influence, 
since the action of. the ammonium carbonate may be 
observed. The enamel is more uniform, and the so- 
called cracking {Rfifzat) on firing is avoided. It is 
true that this actual result of experience still requires 
an explanation, for more than fifty years ago 
Moritz Vogelsang confirmed the observation in his 
interesting little work on T/ie An of enamelling 
Iron (Die EneneinaillicrkHmiy, and put forward tiu 
following explanation of the data obtained. He 
writes . In all probability the eflPect of the 
ammonium carbonate m.ay only be explained, by 
cohesion, v^hich force operates urftil the particular 
moment is attained at which the cracking (Reifzen) 
of the enamel ceases.” 

J gladly utilise the opportunity,-as I now write 
gbout M. Vogelsang, to express' half a century later 
my highest appreciation^o^ his work—an appreciation 
which lightly due to the man who nearly sixty 
years ago put forward, in his now antique little 
book, ideas and opinions which apptar to me to be 
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as fulj of valuable infdrmation as all the later and 
more recent publications. Vogelsang was th^ first 
writer who, from a scientific standpoint, gave us in 
a neat and concise form knowledge of the enamels 
and their raw materials. 

Stannic Oxide.— This is an absolute necessity. 
Continual experiments, made with the object of 
replacing it by less expensive products, have without 
exception always resulted in a return to the original. 
At the present time it is almost exclusively aJ'^ed at 
the mill. 

The ordinary method of preparation is by the 
gradual surface oxidation of perfectly pure tin in the 
blast furnace. loo kilos, of tin yield 124 126 kilos, 
tin oxide. 

Often small black specks are found in the enamel 
after covering and baking, which spoil the general 
appearance of the wares. These may he traced to 
dust, magnesia, etc., bujf in general they are caused 
by small specks of non-oxidised metallic tin, which 
may easily be present in imperfectly prepared stannic 
oxide. As .soon as these imperfections are noticed 
the following inv<;stigation should be con^ducted ;— 

One kilo, stannic oxide is washed with water, or, 
more fully described', it is made into a paste and 
water allowed to run into it, accomjxuiied ‘by^ a 
vigorous stirring, p'riodically varied by being 
allowed to settle for about 10 seconds. The stannic 
oxide is carried away by tAe‘ water, and the ‘process 
of washing is contbiued, always more cautifiusly, 
until the decanted water appears clear. At the 
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bottom of the vessel a grey^ granular residu^e of 
metallic tin is left, which, being specifically heavier 
than the oxide, settles more quickly during the 
washing. This residue is collected, drit^i, and 
weighed, and the vendor wfip supplied it made 
answerable for the discrepancy. In many samples 
of stannic oxide the presence of up to 20 grammes of 
metallic tin per kilo, may be proved, i.c. 2 per cent. 

During the manufacture of stannk oxide it may 
happen that particles of tin arc only oxidi-’d super¬ 
ficially, and inside may still be a nucleus of tin. In 
consequence of this the stannic oxide, where 
manuiactured, is continually sieved and heated to 
redness in a special oven. 

DifFerent products, appearing on the market 
under diverse names, have been proposed as partial 
substitutes for the expensive stannic oxide, but a 
genuine success in this direction has yet to be 
recorded. degree of ojaacity given by bone- 

ash or calcium phosphate is inadequate, while such 
a large amount of tiiese substitutes must be added 
that the enamel is rendered absolutely useless. 

1 hese facts jraused me to try the gntimony oxifle 
derivatives, such as white antimony oxide, leukonin 
(potassium metantimoniate), etc.,*ctc. The possibility 
of jntiducing opacity by the aboye products is 
bejmnJ question, yet we are met by the fact that 
Uieir availability for use as an addition to the grind¬ 
ing is vcjy I' stncted, If more than 4-5 per cent, 
be adek'd to the mixture, tlie enamel will have its 
covering power dimiiiisliej, and al*o be 


uneven 
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and, slimy. Still, h6wever, antimony is the best 
partial substitute for replacing tin oxide. 

As pne is aware, the use of antimony and lead 
compounds in the preparation of enamels is for¬ 
bidden in many countries, and this is the case in • 
Germany and Austria-Hungary (the particular 
countries in which enamelled culinary utensils are 
manufactured). In the first place we have to bow 
before the authority of the law and avoid such 
compounds, while in the second place wc '’re not 
able to take an independent position on the question 
of the use of antimony preparations as complete or 
partial substitutes for stannic oxide. And on this 
latter point we are involuntarily driven to the 
following train of thought The price of tin, as 
also of Stannic oxide, is rising in alarming fashion, 
apart from the momentary unestahlishci.i speculivti\t 
tendency, and stannic oxide has an important role 
in the expenditure of,an enamel works. The price 
of raw material is increasing, wages are rising, and 
the selling price of enamelled goods is falling, or at 
the best of times remaining stationary. 

Why is the use of products forbidden which give 
a somewhat better chance to the manufacturer of 
making headway against adverse market conditions, 
when civilised countries of the first rank, s’uqh as 
England, France, -Belgium, America, etc.—models 
with regard to hygiene and other similar subjects— 
^^ow the use of antimony compounds ? *• 

A really correct explanation would be difficult to 
give. It is •said that antimony compounds arc 



The Raw Materials. 


17 

poisonous ; yet, granted that this may be the case, 
it is only true for soluble antimony compounds, 
and even then very large quantities are necessary 

in order to constitute a real danfrer to health.* For 

» e> 

•example, an enamel contains 10. per cent, oxide of 
antinfony, and a medium-sized cooking-pot of 
5 litres content is enamelled inside with this enamel. 
For enamelling the interior of such a vessel about 
100 grammes, say 120 grammes, of«white enamel 
are necessary, and this would therefore contain 12 
grammes antimony oxiilc. Now', antimony oxide is 
insoluble in water ^md very s}iaringly soluble in 
acids. Analyses have proved that on boiling for 
half an hour with 4 per cent, acetic .acid no antimony 
has been dissolved, and even in particular cases 
where solution has taken place the amount dissolved 
was infinitesimal. Moreover, the antimony oxide 
m the enamel forms an insoluble compound with 
the silicates present. 

Again, no mention has been made of any injuri¬ 
ous action. In bVance, Belgium, etc., no single 
instance can be found, even of a case of very slight 
|x)isoning. 

The danger due to antimony oxide in enamels 
is a fable as f:ir as practice is concerned, like the 
lamniis*or infamous, romance of a French apothe¬ 
cary, who tiscribed appendicitis (inflammation of the 
appendix) to the action of enamel splinters. 

It matters u( t to us, whc) niay enjoy', with a calm 
conscieifce, tood which has been prepared in cooking- 
utensils coated with enamel containing antimony'. 

2 
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fact that tin is l)txoming more and more scasxe, 
and therefore more expensive, shows the need for 
a modification of the legislation by which antimony 
preparations are prohibited. Whether, indeed, much 
would be gained in. the event of tin oxide being, 
completely reidaced by antimony compotmds, 
remains to be seen. At present the enamel industry 
is one of the principal consumers of tin, and so 
soon as the demand lor tin quite ceases tln' price 
must fall ; while on the other li.ind that of ant.mony 
will materially rise, so that in such a case iirudenee 
and caution will be necessarv. 

Lead Oxide - Compounds.— Notwithstand 
ing its valuable jiroperty as a Hux, this is absolutely 
valueless in the form ol calx (a misture of tin ,ind 
lead calcined) for protluiing opacity, on accomit of 
being detrimental to healtli. Our potters, by tlieir 
wanton use of lead-glaze, have lor generations 
caused miscliief enoqgh. 

The gradual but successful supplautmg of lead- 
glazed earthenware by the absolutely uninjurious, 
inexpensive, and more durable enamelled w.ares 
must, from fehc standpoint of hygienic economy, 
be regarded as an important advance. Here the 
objection could be raised against any restriction 
being made to the use of the beautiful, inexpensive 
lead-glaz.e for certain enamelled w.u'es which are not 
concerned v/ith the kitchen, such as sanitary articles, 
baths, door-plates, etc. 

Theoretically, nothing could lie said agltinst it ; 
but in praeftee, where in the same enamel works • 
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kitdieii utensils and door-plates are made, the Jine 
of distinction between the different enamel prepara¬ 
tions (those free from lead or those containing it) 
i^ not sharply drawn. An enamel containing lead, 
'■which at the outset may apjx-ar as beautiful as 
the rest, is unstable when exposed to weather, 
and at the present time it may safely be asserted 
that in no enamel works arc lead preparations 
employed. 

A simple experiment may be performci^ for the 
identification of traces of leail in an enamel. 

A place on the e<iamcllcd otiject is spotted with 
a few drops of chemically pure nitric acid, and 
heated over a '’ame until the nitric acid is driven 
off, then moistened with dis-illcd water and a 
few drops of a JO per cent, solution of potassium 
iodide added. Traces of lead present cause an 
intense yellow ^discoloration, owing to the forma¬ 
tion of lead iodide, which njust be insoluble in 
ammonia. 

While reviewing the bodies which produce opacity, 
our attention is involuntarily drawn to the well- 
known property which titanium oxiik- possesses of 
causing intense opacity in enamels. The initial 
product is rutile, a brown-coloured mineral, consist¬ 
ing qi about 94 per cent, titanic acid and 6 per cent, 
irop oxid-. 'I’he use of rutile for causing opaqueness 
only meets with strictly limited success, in the form 
of a maxiitiun. addition ot*i per cent, to the mixture, 
for the ?ron oxide present excludes all further use. 
For years a method has been sought* of preparing 
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chemically pure titanic acid from rutile, but the first 
products which appeared on the market years ago 
always possessed a faint yellowish-green colour and 
were expensive in addition, i kilo, of pure titanic 
acid costing as much as 15 marks (15s.). Many 
years back the firm of Wuppermann took out a 
patent for ilccolourising the enamels containing 
titanic acid; but the question remained a purely 
academic one,‘since it was not found possible to pre¬ 
pare inexpensively pure white titanic acid. Dr C. 
Dreper * a few years ago took out a patent in 
Freiberg. He prepared titanic acid by treating 
rutile with dilute sulphuric acid and sodium bisul- 
phatc, and then submitting the filtered solution to 
electrolysis. He placed the kathode in the filtered 
solution, and the anode in acidulated water, the 
liquids being separated by a porous cell, while the 
electrodes were of lead. A period o| inactivity now 
took place until recently, when a method was patented 
by the chemical firm of Gilstrow in Mecklenlnirg,t 
entitled “A process for the preparation of white 
qpaque enamel and white opaque glass by the use 
ol titanic aci« as opacity-producing, agent.” The 
titanic acid prepared by this firm is pure white, and 
is moreover inexpensive, so that one can look forward 
to experimenting and gaining experience with it. 
The above firm ha's also introduced the barium ,salt 
of titanic acid to the ti^de, and this appears to be 
lull of promise. This titanic acid may* be added 

* U. K.-F. Ni. 15.’,257, Kl. 12;. 

*+ D. K.-l’. C. 15,243, Kl. 4Sr. 
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wifli advantage, up to lo per cent., to an en^imel 
during.the grinding, and the enamel should be pre¬ 
pared as far as possible without saltpetre, byt with 
the addition of lo grins, of cobalt oxide to the 
mixture. Cases will arise in an enamel works re¬ 
quiring the closest attention for this material in 
order to discover the most suitable mode of employ¬ 
ment. Titanium oxide appears to impart to the 
enamel favourable physical properties. An Investi¬ 
gation should be made with the above to f ad out if 
the question of producing a lighter, more opaque 
ground-enamel is capable of a better solution, since 
the disturbing properties of tin oxide make these 
characteristics .nqiossible. 

Cobalt Oxide. —This is one of the most ancient 
and precious of the ceramic colouring oxides. The 
intensity of the blue tint depends on the quantity 
present, and yn tlic chemical composition of the 
respective cobalt oxides. • 

In the preparation of blue enamels more than 
I per cent, is seldoii employed. t.)ii the market the 
following types are discriminated according to price 
and chemical.composilion :— 

KHKO. The purest cobaltic‘oxide = Co/}, con¬ 
taining 7! per cent. Co. 

FKO. Pure cobaltic oxide = Co.^03 containing 
60 -65 per cent. Co. 

RK@. Bl.tck cobalto-cobaltic oxide = Co,,Oi con¬ 
taining 73 per cent. Co. 

GKO. Dark grey cubaltous oxidft = CoO. 
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JKOH. Basic hydrated cobaltic sesqui-carbonate 
= Co50.((C03)„ + 4HaO contaiding 45 
, per cent. Co. 

PKC). lied cobaltic phosphate = Coj(PO,,)„ 4» 
8HoO' containing 34 per cent. Co. 
1 ^ 0 . Cobaltous oxide (protoxide) = CoO con¬ 
taining 59 per cent. Co. 

AKO. Cobaltic arsenate = Co(AsOj)^ 4- HlLC 
containing 30 per cent. t'o. 

The value of the cobalt oxide depends upon the 
percentage content of metallic cobalt. 

In order to make the best use of cobalt oxide for 
the manufacture of deep-blue enamels, a most inti¬ 
mate and continual mixing of the raw materials is 
necessary, so that the cobalt oxide is actually dis¬ 
tributed as finely as possible throughout the enamel. 

The most important of the pioneering countries 
engaged in the production of this valuable oxide are 
England and Germany. 

Cobalt oxide possesses valuable physical charac- 
tcTistics which especially make it suitable for the 
preparation of ^rountl-enamels, for thejse derive the 
property that their coefficients of expansion are as 
near as possible the same as sheet iron. The 
modern enamol firms, seeking to replace expersive 
materials by cheaper ones having the same influciif'c, 
have replaced cobalt o^dde w'ith success in the 
ground-ei amels by the much less expensive nickel 
oxide. The price-ratio of the two oxides is about 
as 10 : i’2. * 
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*At this point a short thcorefical diversion mjy be 
allowed to establish thoroughly by what quantities 
the cobalt oxide must be replaced by nick<^ oxide 
,in a ground-enamel, so that the physical properties 
of the same may remain unaltered. 

According to tlie law of P. Joubin, the product of 
the specific heat multiplied by the specific gravity of 
a body is proportional to the protluct of the modulus 
of elasticity and the coefficient of Knear expansion 
of the specific heat == the (juantity of heat, expressed 
in calories, which is necessary to raise a mass of 
1 kilo, through 1" C. 

Further, the product atomic heat multiplied by 

, , , /.itoinic volumeN 

,pecinc heat cA unit volume x ^ ■ ■■■---y = 

(specific heat of unit volume)”! 

~ ' viS J‘ 

'riie specific heat = 0-17;,7 for iron. 

For cohalt at poo' C. the specific heat is : 

Sm = O' 1444. 

b'oi mckej at (joo C : 

Sm = 0‘i37Ci7. 

TIvretore, in order to raise 1 grni. of cobalt through 
t C., 0-1444 cahtries are required; while to raise 
1 grm. of nickel thnuigh^he lame range of tempera¬ 
ture C" 1*3707 calorics are needed. 

^^'c*ller states that the recpiisite amount of heat 
necessary to raise a body !rom zewa to its melting 


Melting point X 
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poii^t (reckoned for the atomic weight) is inversely 
proportional to its coefficient of culiical expansion, 
and tljerefore the coefficient of cubical expansion 

for cob:dt= ^ = 6‘92, wliile for nickel it i5 

0-1444 . 

I 

= 7-29. 

0-13707 

From the ratio of the coefficient of cubical 
expansion of nrckel to that of cobalt we have: 

0-1444 : 0-13707-i 1-052 grins. 

7-29 : 6-92 = ,v : 1 
7-29 

. . x = ' --- roc t (jrms. 

h-c)i - 

Concerning expansion, then, 1-05 grins, nickel will 
correspond for all practical purposes tc. 1 gnn. of 
cobalt, or 100 grms. cobalt oxide may be replaced by 
106 grms. nickel oxide in the preparatipn of a ground- 
enamel. ,, 

Limonite.—This in the pure state is manganese 
peroxide (MnO„), but as a mineral it is known as 
pjirolusite. It is employed for decolourising white 
enameis which ere discoloured. By thy addition of 
larger ejuantities beautiiul dark violet enamels are 
obtained, while iron oxide together with limonite 
produces lovely brown to black results. The 
limonite rc-acts by -giving off oxygen, i.c. it is an 
ordin.u-y oxidising agent. , 

Only the purest and best'market samples lire used, 
since the difference m price is trifling compared with 
the grc-atly enhanced results. 
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*Whcn fused in small quantities with the grQund- 
enamel it works very favourably, and in like 
manner it is added to molten blue enamels in jfrder to 
,save cobalt oxide, for, as the cobalt content diminishes 
and the manganese aildition is increased, the blue 
ciianiel takes a hluish-violct to reddish-bJue glisten- 
ing colour. 

Ferric Oxide. —This is prepared by heating to 
redness protosulphate of iron or f(?rrous sulphate. 
Accord.ing to the temperature employ'd, shades 
ranging from bright red to reddish violet are 
obtained. 

The less the ferric oxide lias been heated, the lighter 
will be (he sli.ide produced, so that great care must 
be exercised during the operation. More or less 
sulphuric acid is always present in the iron oxide, 
caused by incomplete decomposition, and therefore 
due to riisulhijeiir heating. On digesting with hot 
water, the bulk of the above»may be removed, but 
this the manufacturer's business. Insufficient 
h'.Miing of the iron oxide causes red enamel to be 
tlull, and this, when stored as a finished prochift, 
acipines a permanent white efflorcsecnce containing 
alkali sulphate. This white growth possesses a saline 
t.iste. 

A (]ualitati\'e test for free sulphuric acid, and also 
fi*!' the undecomposed sulphate in the ferric oxide, is 
easily made, vi?. :—A lev'jjraiumcs of the ferric oxide 
compouifd to be tested are boiled with distilled 
water in a test tube, and ■'.Iter filtration a few drops 
of chcmic.illv pure hydrochlc'ric acid Jrc added to the 
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fiJtrirte. On the addition of a few cubic centimetres 
of 'a lo per cent, barium chloride solution, the 
sulphudc acid is precipitated as barium sulphate, 
which is white. Should only a slight turbidity arise, 
then the iron oxide may safely be used. 

Beautiful pure red iron oxide is formed when, to 
a boiling solution containing 17 parts soiia to 6S 
water, 10 parts of crystallised ferrous sulphate are 
added gradually, the mixture being well stirred, then 
filtered, washeii, allowed to oxidise in the air, spreail 
in thin layers, and finally heated to redness. 

The finest ferric oxide is prepared by the so-called 
method of V'ogel, in which a saturated oxalic acid 
solution is added to boiling ferrous sulphate. The 
precipitate is washed and heated in a shallow dish at 
200 ' C. 

Other Colouring Matters. —Chromic oxide 
and also copper oxitle are used for preparing green- 
coloured enamels. As regards clironiie oxid.e the 
same remarks apply as in the case of ferric oxide. 
Cheap chromic oxide olten gives dull enamels, 
ageompanied by a scfiaration of piotassium dichroinate. 
It is best prepared by heating potassiuvu dichroniate 
to redness ; but if the chromic oxide obtained in this 
way has not been sufficiently heated and washed, a 
part of the potassium dichroniate remains und(A.om- 
posfvi, and sefiara'tes out after the firing of the 
enamelled utensils. 

The test ma.de when purchasing chromu’ oxide is 
extreimly simpk*, since only a tevv grammes of the 
oxide are treat* 1 with hot water, and the presence of 
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undecomposed potassium dichromate demonstrated 
by a )iellow-coloured filtrate. The amount of oxide 
added to the enamel mixture on grinding var^’s from 
, 5 to 9 per cent, according to its quality and to the tint 
desired. 

For lamp-shades, etc., a fused green enamel may 
be successlully prepared by melting enamel waste 
with 5 to K per cent, borax and 8 per cent, chromic 
oxide. The enamel waste has preferably been 
previously fused. 

Chromic oxide may be prepared by another method, 
using I part pot;r>siu!n dichromate and 3 parts 
of burnt gyj'sum. This mixture is strongly heated 
to redness .md then treated with very dilute 
hydrochloric acid. Th.e follovving chemical reaction 
takes place ;—- 

2K ,Cr,. 0 ;-|- cCaSOj 

•= cCr.O, -t- 2 K ,SO, -f- 2CaO + 3O2. 

After boiling with dilute hydrochloric acid, whereby 
the lime goes into solution, the lujuid is decanted 
ofT.nd tile residue washed and dried. (A. Casali^ 

Cliromic .oxide is also prepared by heating 
potissium dichromatc to redness with flowers of 
sulphur. From too parts potassium dichromate 
and* 50 of sulphur, 68 parts of chromic oxide are 
oJitainc i. 

The best chromic oxid(f is obtained by gradually 
heating 'aniiuonium bichromate, digesting with 
water, and then grinding. The lower the decom¬ 
position temperature, the more beautiful will be the 
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grecR colour. Chromic oxide obtained by a ^ifret 
method (solution of chrome alum + soda) is, never 
so bcai^tiful as when a dry process is used. 

Cupric Oxide produces fine dark-green to, 
bluish-green enamelu, depending on whether the " 
enamel contains saltpetre or not. The oxiile must 
be fused with the enamel, as it is not suitable for 
addition on grinding, in consequence of its exceptional 
behaviour. 

The reducing gases in the nniflle may in tlie case 
of enamels prepared from cujiric oxide liring about 
a separation of copper in the dorm of faint red 
spots. 

Coloured substances varying from green to 
bluish violet are obtained, ticcor.ling to Le Chatelier,* 
from: poparts silic:i +49 parts heavy spar (BaCO^) 
-|-20 parts cupric oxide, heated for an hour at 
1050' C. The shade ol'tained is^ bluish violet. 
Or : 375 parts silicaparts heavy spar+ 7 parts 
cuprous oxitle-)-42 p-.trts sodium bicarbonate. This 
mixture, heated to 1 200" C., gives a pure blue. 

A Bluish'green Oxide is prepared from copper 
and robalt saltt^, or with chromium and cobalt salts. 
According as one or the other of the oxides prevails, 
bluish-green to greenish-blue shades are produccal. 
Rcvie'vuig the price-list for the green and blue colour¬ 
ing oxiiles, a bluish-green or Turkisli-bluc oxnle wjll 
be cheaper as the colour (nclincs towariis the green, 
and more expen.sive when towards the blue.* At the 
mill -.d-t per cent, is added according to the desired 
* Jj. K-]'. Ni. 112,7ri!, mliOdolici 1899. 
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shtidc. Since this blue-OTeei! oxide is one of the 
most ^ixpensivc, and therefore most in demand, 
lighter shades of blue-green enamels are recom- 
^mended for use, these being moreover mucfi more 
delicate and elegant than the. richly coloured and 
expensive blue-green enamels. 

The yellow enamels are usu.illy prepared by adding 
cadmium, chromium, or uranium salts when grinding. 
Cadmium sulphide gives very beautiful colours, also 
lead chromate, but its use is avoided as far as 
possible, on account of the lead content. Uranium 
salts and barium clyoniafe .are seldom employed. 

Brown Colouring Matters. Brongniart’s 
brown is a v -ry beautiful brown colouring matter, 
consisting of ferrous chromite. It is prepared by 
adding a solution of potassium chromate (i in 3) 
gradually to one of pure ferrous sulphate (1 in 3). 
The precipitate is washed six times, dried, and heated 
to redness in a cruciMe, ihen^nely powdered. 

Rose Colouring Matters. —The rose-coloured 
enamels are prepared by colouring with gold salts ; 
usually, however, by the addition on grinding of 
U ic> per cent, of the so-called pinWose. 

It is liifficult to obtain the same sh.ade on all 
occasions, since after preparing and firing the pink- 
ros« changes in shade and colour intensity. The 
qiameh which have been coloured by the above are 
very unst.ible against hre^ Also every place on the 
enamellAf ..tensil nhich* lias been touched by the 
perspiring lingers of the workmen remains white, in 
consequence of the reduc*^ion which sets in. 
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What concerns the preparation of the pink-rOse 
substances applies also to the mixture of ^ chalk, 
quartz, tin oxide, borax, and potassium dichromate, 
which ^is heated to redness, the dye-stuff so^ 
obtained being digc-vtcd with water, levigated, and < 
washed. The preparation of pink-rose by this ’par¬ 
ticular method is not recommeinled, on account of 
the inherent difficulties. Pink-rose {Pinkrosii) is 
counted among the most antiejue of the ceramic 
colours, the name being suggestctl by tlie biiighsh 
term “pink colours” (Nc/krt/J'.nk-). 'I'he ex.ict 
chemical composition has not up ,fo the present been 
fixed, but it appears to be a stannate or a chromium 
and calcium salt of stannic acid. 

A very useful mixture for its preixiration is 
afforded by: 50 kilos, stannic oxide, 25 kg. chalk, 

18 kg. quartz, 4 kg. potassium dichromate, and 
6 kg. borax. 

The rose colour prepared by employing gold salts 
is only used for fine artistic enamels, and is dis¬ 
tinguished from the other similar colours by its 
stability against fire. 

i^urple (Purple of Ca.ssius), a ceramic 
colour tor making intense purple-coloured gla/es, 
was well known to tlie ancients, being the most 
expensive and the loveliest red which is used 'in,the 
ceramic and enamel .industries. It is therefore on(y 
emplo)ed for decorating the better-class utensils. 

Purple of Cassius * is prepared by the uiklition of 
I part auric chloride to a solution containing *i part 
* Casbius, im-ciitor of Kold-purjilc, 1683, iii Ltydeii 



The Raw Materials. 


31 


of *s*tannous chloride and 2 jrarts stannic chloride, 
when a purple-red precipitate is formed, whic^ is 
collected, washed, and dried. 

If instead of i part gold chloride only hal^a part 
is taken, and the other half replaced by a silver salt, a 
heairtiful carmine red is produced. 

The true chemical constitution is not yet clear. It 
is regariled as a lake of metasiannic acid coloured 
by finely divided gold (Debray).* 

Moissaigt the famous b'rench chemist to whom 
we owe c.ilcium c.irbide and other valuable dis¬ 
coveries, was occupied with this question shortly 
before his decease. lie pointed out the remarkable 
fact that frni" the gold-purple obtained he could 
evaporate gold at the temperature of the electric 
furnace. Molssan tried the same experiment with 
an alloy of gold and tin, and found that, as the tin 
more quickly evaporated, a purple vapour formed, 
which was de]iosited in powdered form in the 
furnata . He obtained diftcren! varieties of purple, 
according as gold was used lu tlie presence of 
aluminium, magnesium, zirconium, or silicon. Th is 
experiment confirms the view put foi^'ani by Dcbfay 
for the constitution of gold-purple. 

Gold Glance.— T his is an indispensable re- 
quijitt for decorating enamelled wares. It is best 
procured in large bottles, froi.n which a definite 
amount is weighed out daily into a small work- 
vessel a^d given to thc*ar!ists. On account of the 


* C'owA/iW fi-r ///s, Iwv., p 1025, J^i72. 

+ liultLiin dc la Chnni(]Ut\ 14106, p. 267. 
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unavoidable loss, th^ import in smaller bottlesr is 
inadvisable. Gold glance is prepared by dissolving 
auric ^hloride (gold dissolved in aqua regia, the 
mixture evaporated, and the residue dissolved in 
water) in a little water and ail ding 8-9 parts 0/. 
a mixture of sulphur balsam in lavender oil (4 parts 
sulphur balsam and 4 parts lavender oil). The 
contents are vigorously stirred with a pestle, and 
allowed to stand twenty-four hours, in oialer that all 
the evolved hydrochloric acid due to mixing may 
escape. Usually half a part of hnely powderetl basic- 
bismuth nitrate is then added, and the mixture 
allowed to stand again. 15 y this means the gold 
will be made to adhere better. In all probability 
the following chemical reaction takes place ;— 

3CinH7S + AuClj - 4 3IIGl-f An 

(sulphur balsain). 

This is the process of Dutertre. 

It is important to collect together all the waste 
materials irom the gcdd glance process, such :is the 
artists’ overalls, brushes, glass plates and bottles, for 
thA' recovery of the gold. 'bold glance contains 
ab()Ut 10-12 percent, gold. The above mentioned 
articles are placed in a pot and burnt in the muffle. 
The empty bottles are likewise heated, spliivu'i'e.l by 
water, and the glass powde-ed. The ;ish and glass 
fragments are then placed in a sufficiently hirge 
porcelain dish, aqua regia* added, and tbe whole 
evaporated on the water-bath until the odour of 
nitric acid disapnears. After cooling, aqua regia is 
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oncte* more added, and again tvaporated until the 
evolution of fumes ceases. Hot water is then acfded, 
the whole being well stirred and filtered. The gold 
goes into solution as auric chloride, to vmich a 
‘ freshly prepared solution of .the purest ferrous 
sulphate (FeSOjjyHaO) is added gradually, where¬ 
by the gold separates in the form of a yellowish- 
brown metallic powder, which is filtered, washed, 
and dried. 

In ?nany works the loss of gold glance is often 
considerable, and this alone is a sufficient recom¬ 
mendation in the .majority of instances for the 
recovery of the gold from the waste materials. 
Many firms rdlise the empty bottles which have 
held the gold glance for the preparation of rose- 
coloured enamels. The bottles arc heated to redness, 
splintered, the glass powdered and added in the proper 
proportions to a mixture of white enamel in the 
smelting furnace. 

Lustrous colours are seldom used, on account of 
their high price; but whether m the future the 
production of lustrous enamels will catch the popular 
eye remains to be seen. One or two^metallic lustfts 
arc already prepared in large quantities, and there is 
no reason why, in the case of enamels, similar plays 
of cglftur should not be prepared chemically as in 
glgss and porcelain manufacture. There is no lack 
of recioes and formula.*, but the times and demand 
are not y«t ripe. • 

For •the sake of curiosity, some of the above- 
mentioned recipes may he noticed,, as they have 

3 
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been used in part ‘by the Arabs for preparing 
metallic reflections on artistic enamels. 

A .mixture of copper and silver carbonates 
(95CUCO3+fAgjCOa), or 30 per cent copper car¬ 
bonate and 70 per cent, red ochre, or 20 per cent, 
copper sulphate, 25 per cent, stannous oxide, and 
55 per cent, red ochre, were well powdered in the 
presence of a little gum arabic, finely triturated 
with water, and added to the transparent enamels ; 
the wares being fired at 900'’ C., allowed to cool, 
and again heated in the reducing fire at only 
650° C. In this way very beautiful cfFects have 
been obtained. 

L. Tranchet (Comp/rs rcnJus, 1905, pp. 1020 et 
1237) gives several other formula- ;— 


(t) Knamel A . 

. 100-0 

Kaolin .... 

I O'O 

Silver carbonate 

2'0 

(2) Enamel or substance A . 

. JOO'O 

Kaolin .... 

lO'O 

Zinc oxide . 

ro 

Tin oxide 

. I-O 

Silver carbonate 

0-5 

Copper oxide 

7-0 

(3) Substance A . 

. 100-0 

Kaolin .... 

. lO'O 

Bismuth subnitrafe 

. < 4 ’o 

Silver carbonate 

. S’O 

,Copper carbonate 

. ro 
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The substance A had the following composition:— 


Q&artz 

. . . 12-0 

Felspar 

. . . lofc 

Kaolin 

2-0 

.Sand . 

20-0 

Minium (red lead) 

. 30-0 

Borax 

i9’o 

Boric acid . 

. . , . 2*0 

Potash 

2‘0 

Common salt 

1-8 


The substance A.was fu 


i, splintered by water, 


and ground at the mill, temperature 970' C. 



Aiabian 

Itali.m 


P'oniiula. 


Copper sulphide . 


24-74 

Silver sulphide 

i ‘45 

1-03 

Red ochre . 


49‘45 

Mercuric slilphide 

. 

24-74 


When firing the wares, the so-i.alled green broom 
(German Pfriemenkruii, French Citv/A vert^ also 
Spanish Klcppcr) is placed in the interior of the 
muffle for combustion. 

This slight deviation may be excused on the 
ground that one should not stand aloof with regard 
to hyits and statements in the literature. If the 
qnjstion of the production of metallic reflection on 
enamels by using artificial l^istrous colours is not at 
the present moment acute, yet a demand for the 
same n*ay arise at any time. These formulae are 
not easily obtainable, and .ire quickly forgotten. 
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Clay and Kaolin. — 1 have omitted to mention 
a material so important to the enamel industry as 
clay. \^At first sight there is apparently not much to 
say, yet in reality many volumes might be written 
on clay and its position in our industry. 

And this is indeed an error which many enamel 
firms commit, viz. that they do not pay suitable 
attention to their clay ; and many of the mistakes 
which have been explained away in tbe most im¬ 
possible and fantastic ways have their origin here. 

Chemically, we understaml by clay and kaolin a 
compound of alumina and silicic acid, contaminated 
by more or less lime, magnesia, etc., according to its 
origin. 

Clay has been originally formed by the decom¬ 
position of the fclsiiars. Where the latter were to 
be found thousands of years ago, they have been 
gradually deco.mjwsed by the influence of the 
atmosphere, carbonic acid, w’ater, etc. The water 
takes up the compounds of silicic acid with the 
alkalies, deposits them elsewhere, and leaves behind 
tjie insoluble compound of silicic acid with alumina, 
viz. clay. ‘ 

If the clay stdl remains in its original situation, 
we term it kaolin ; but should the clay after forma¬ 
tion have been gradually transported by watev and 
deposited clsewhe're, then we speak of ordiiwry 
clay. 

Kaolin, then, is residual clay, as distinguished from 
the ordinary variety which has suffered transporta¬ 
tion. ^Ve mbst look, then, for kaolin among the 
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. , ? . ... • 
primitive rocks, since it is older than ordinary flay. 

An ideal clay would consist of :— 

45 per cent, alumina or aluminium oxidt. 

40 „ silica or quartz. 

.15 „ water of composition. 

In nature the composition varies, the so-called 
standard clays being presented in the following 
table :— 

ANAIA'SKS oi' SlANDAKl) Cj.AYS. 





S 1 

2 

V 



E V 

. r*,- 


0-0 \ r’, L- 

. ^ 

F|. fr. 

3 ^0 

* 5.-3 >> 




-"'X 

- "'-.x 


Ip 


d i 

N 



V -o 


Ahiiiiiii.i 

iO 

' ' ij 

-_j 

.1 7^1 -o 

-ts '’5 

-7 <J 7 

.••K-05 

Situ .1 .r, sati'l "1 

'■ 01 1 .■! 

!•' . ■ 1 e 

.1, i.) \ 'J I» \ Z 

S') (-■) r 

S' 

JJ, 

IT'/ 

,1-^1 ^ 

0 T,) 'c- <> ; \ f 


■- 

27'6iJ ('0 

M.igrtonu 

U I') 

u 

0 n ; <. 

I T 1 

<>'51 

<^'75 

1 IlliC 

.To 

i' 0 . 

old i 0 4 <J 

..TO 

0 <>7 

0-72 

lion o\i<Ie; 

0 

. <10 

I'Ko i 

r.io 

e'ui 

t-8o 

I'oim.li . 


11 tio 

o’4i ’ 1 e>‘, 

S'18 

<-*‘53 

1*39 

Loss wli'Ti iie.ileil 






to rcitiic'.:.. 

ly-yo 

!■} m 

i2'no it*r 

io'5r 

9'43 

8-66 

I'llClHOof 

Io.> 

to--.. 

5 ” 1 -V' 

JO 

20 

10 


poor 

P .or 

vmj rirli rich 

vct 5 li(I) very ricli 

very rich 


For enamelling purposes a good white clay con¬ 
taining about ,56 per cent, alumina aitd 40 per cent, 
silica is preferable to kaolin ; for the latter, notwith¬ 
standing its purity, docs not give in most cases that 
degree of exjiansion to the enamel which is essential. 
Lnc.alitics for finding really good enamelling clay 
are becomii'g more scarce. •The best varieties come 
from the* llliine neighliourhood, near Coblenz 
(Vallemrar), and the Ahr valley, in the region of 
Bad Neuenahr. The clay from Saueiland possesses 
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valuable properties similar to that of Vallendar. 
Unfortunately, these pits are now exhausted,«dnd the 
openii^g of new deposits must be continually taken 
in hand. a 

The treatment of’day in the enamel works before' 
its use as an avlditlon to the enamel requires careful 
and conscientious attention. The following may be 
stated, not in the sense of revealing secret opera¬ 
tions, but in order to remind every e :pert :infw of 
the value attached to the conscientious preliminary 
treatment of the clay. 

The clay, before use, must be soaked as thoroughly 
as possible for two, or at least one d.ay, in pure 
water at the temperature of the room. Since clay 
always contains enclosed organic matter of a vege¬ 
table or other origin, this must be removed ; and 
therefore a weak fermentation is induced by soaking 
in water, which continues unaided d the mixture is 
allowed to remain at moderate temperature. After 
a suitable time has claj'sed, the clay is boiled with 
water for a short period, in order to terminate cjuickly 
the fermentation, and to drive away the last of the 
graseous products so formed, such as carbonic 
acid. 

The clay is then passed through a fine-mcslied 
enamel sieve, using as much water as possible, 
allowed to settle,'the water decanted off, and the 
clay thus prepared added in requisite amount to the 
enamel when grinding. Usually the quaittity added 
varies between 5 and 10 per cent., sometimes 
reachin ^ 12 per cevt. 
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SKould a clay contain an especially large am^ount 
of organic matter, and this be added to the enamel 
without undergoing the treatment described above, 
iin particular without being boiled, small 'blisters 
frequently arise in the enamel. These blisters are 
caused by the carbonic acid contained in the 
iermenting clay. 

How much annoyance may be spared by careful 
treatment of the cla^ ! and, on the ftther hand, how 
many mishaps are due to badly controlh-d enamel 
mills ! 

A Short Note on Water. —An important 

f.Rtor, on which success depends, is water. On 
principle, th' jumest water should be used for 
orinding enamel in tlie v,-t way. The most 
uleal kind is rain water or melted snow ; but 
these, unfortunately, are not always at disposal m 
sufheient quamity, so that well or river water must 
be used. 

The use of very soft watei which has stood for 
some lime is espcc ially rccommcn.h-d. Where soft 
WMter is not at hand, a little pure milk of lime is 
addeci to hard water, the mixture thoroughly stirfed 
and allowed* to settle over-night for use on the 
lollowing day. This treatment of the water has a 
p.irticfilarly good influence on ground-enamels. 
C,ondi used w.uer may not Ik' so pure as alleged ; 
w.iter w’hich h.is tiltcred^ through land, and pond 
water, isu T absolutely * be avoided. A chemical 
analysis of the water regularly used at the mill 
should be made three or tour times a year. 
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In general, for wafer of good quality the follow¬ 
ing. data may be accepted : i litre of watqf may 
contair^:— 


Chlorine 
Sulphuric acid 
Organic matter 
Volatile „ 

Total hardness 
Hardness a Iter I'oilinL 


. less than o'oi 5 grm. 
0-002-0-005 „ 

. less than coot „ 

„ 0-015 „ 

. 2--8 
1 2 


It is often important to be able to test qini.klv 
•ind simply for the presence of chjorine and sulpluirR 
acid in cases where one susptsts the water used in 
the enamel mill to be contaminated by the waste 
water from the cleansing process. '1 he procedure is 
as follows :— 

Test for Traces of Hydrochloric Acid in Water.— 

A small sample of the water is jdaced in a clean test- 
tube, 2 drops of pure,' dilute nitric acid and a few 
drops of dilute silver nitrate solution added (5 grm. 
silver nitrate dissolved in loca grm. distilled waiter). 
If chlorine is present, a white turbidity, and often a 
heltvicr white precipitate, is obtained, due to the 
formation of silver chloride. The amount of 
turbidity will afford an estimate of the quantity of 
chlorine present. A faint translucent turhidipy i.s 
often unimportant. .The p'ecipitate of silver chloriije 
must dissolve in ammonia^ 

Test for Traces of Sulphuric Acid in Water. —A 

Sinall quantity (irj c.cm.) of the water to he tested is 
tplaced in^a test-tube, 2 drops of dilute nitric acid 
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and ^ few cubic centimetres of‘a dilute solution of 
barium ^chloride (lo grau barium chloride dissolved 
in 100 grm. distilled water) added. The presence of 
sulphuric acid or its salts is detected by a^more 
or less thick white turbidity, or. if a large amount 
of sulphuric acid is present, a white precipitate of 
barium sulphate forms. 'I'hc chemical reagents 
necessary are furnished by every apothecary or 
druggist. 

Coal. —A few rem.irks may be made on this 
•necessary combustilde for the production of the 
temperature requirej for fusion in the enamel- 
smelting lurnace and in the muffle. As the con¬ 
sumption of ct'al IS extraordinarily great, many 
enamel works have been erected in the neighbour¬ 
hood of co.iitlclds. The amount of coal required 
for tiring completely iC'C kg. of enamelled wares 
may be taken as 120 to 2 yc' kg., according to the 
construction of *!ie furnace, myde of firing, quality 
of the coal, and, last but m t least, according to 
the activity of tlie workers, 'fin.- coal consump¬ 
tion is ilirectly connccteii with the mode of heat¬ 
ing the inufllc. In Saxony and Bi^emia, whei^ 
the best c|ual*tv of lignite (up to 6coo calories) 
may be obt.iined cheaply, it is used in the enamel 
, work'y 

^usM'ia possesses good pit-coal in the Ostrau- 
Karwiner district and in the i^'lsen basin. Hungary’s 
pit-cc'al ati*l lignite are of less value, and leave up to 
25 per c^nt. residue. Most of the coal used in the 
Cerman, h'rench, ami .Su'ss enamel woaks is imported 
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from Westphalia. Some data of German standard 
coals may be inserted here. ^ 


\ 

V 


Name of the Pit 


. 

Count 

Harden- 


N"i!h Siar 


llt 'in.irt k. 

I'riU- 

(iiiiii). 

(N'litl-sluin). 

of 1 t Hit tu* . 


741 

700 

74 1 

Colu'^i'Ui ill . 


77 

7^ 

''^3 

Umisid i''^ *iui' • 1 . 

4*24 

S'W 

3 f' 

0()0 

* V i|u;' iL i) (loiii c» 





it'c iviiiic t( iji kt;. it 'in 





lot) ! p. i'cmI . 

7VI 

7'3 

0 eSH 

072 

Lignite usu ib ^ cu 

ii tins 

- 



(.'.irbon 


44- 

5" I'"-'’' 

ceni. 

f lydnigen 


’‘W 

Z-H 

>> 

\\'atcr 


s S 

47 

n 

Ash . 


5-0 

rs 


Calorics 


■ 

0 

0 

bOOO 

Pit-coal u,-.ually ccvita.ns 

— 



Carbon 


70 

-8c per cent. 

Hydrogen . 


4 

'r 

Water 



'Ll 

15 

Ash . ^ . 

. 


.4 

55 

Calories 



6 boo 

-8000 


Tlie huge water-content causes fhe carriage of 
ligmte to he unproiitabl -, especially where lio in¬ 
expensive means of water-transport is to hand. 

Lignite should never f)e.stackcd higher dian i'5 m., 
on account of spontaneous combustion. »Pit-coal 
ma) be yilcd up a little higher. 
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Average Cf'Mi'OstTioN and Value of some Ekitisu Eukls. 


% 

Description. 

c 

II 

o 

s 

Ash, 

includinff 

NitiogeE 

Ti/tal 
Ucat of 
Com- 
Imstion. 

Welsh , 


479 

4’15 

• 

I '43 

5-89 

14858 

Newcastle 

S2-I2 

S'3' 

5’f>9 

1-24 

512 

14820 

1)'rlt-vshin 

79 ‘OS 

4’94 

IU'28 

1*01 

4’06 

13860 

S \’i'ii-si|j»e 

8i "88 

4 \S 3 

7'47 

•54 

^■95 

14296 

L.nic i'-Iille 


5 

9 58 

i '44 

ot8 

13918 


7 ^' 58 

5 -M 

<) jtj 

l 11 

5*03 

14164 

! t i‘,!i A.illiKii ill* 

• 

S'j' ‘ t 

- 3' * 


b ^6 

11 03 

I’,302 

■•.< {1 hji li.iiji' 

Sh lu <)2 

... 


25 1..2U 

4 hi 12 

12832 


Too large storage of coal must lie avoided, since 
the coal, after being stacked a long time, falls to 
pieces, accompanied by a partial evolution of gas, 
causing deterioTation thcrel'V. In many cases it is 
advi'- ible to sprinkle the suiTke of the pit-coal with 
water previous to burning, wherciiv a loss of un- 
coi'sumed coal-dust will be avoided. 

Tlic necessity ior a thorough and^regular control 
of the coal entry and exit cannot be too strongly 
recommended, the latter being exactly recorded for 
each Separate firing. The heating itself requires 
extre' lelv great care, strenuous vyork, and undivided 
control. Something will be said concerning gas 
analysis j.i the chapter* entitled “Firing of the 
Enani c 41 ed ITte ti si 1 s." 

I'he last, I'ut none tl e less iniporti^nt, materials in 
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our industry of enairiclling on sheet and cast metals 
are the latter metals themselves. 

Sheet and Cast Iron. —For the preparation of 
a faultlvss enamelled ware, one of the most important 
items is faultless sheet metal or a flawless casting, 
possessing a definite chemical and phi'sical behaviour. 

Almost exclusively at present a soft sheet steel is 
used, i.c. rolled-out steel which has been pre[)ared 
according to the basic Martin process in the special 
Martin furnace. For utensils which have not been 
forged, but only ma.le up from sheet, and where, 
therolore, nothing has been exacted from the jilivsKal 
properties of the steel, the somewhat less e.xpensive 
and more sini|'l) treated sheet steel is used. 

The quality of the steel is unb/rtunately often 
variable, and dependent on the care exercised during 
its inaiudaeiure at the ironworks, (dood lo>-ged 
sheet steel should be box-heated, a term derived 
from the process of heating in iron boxes, as far as 
possible with the exclusion of air. Olten impurities, 
such as particle^ of slag, etc., will be rolled in with 
the sheet metal, so that on forging, and even more 
on enamelling, flaws will develop in wares prepared 
from such material. Chemically, a well-forged sheet 
for enamelling purposes should possess the following 
compositlt' I :— 

Cat 1)011 . . . 0‘050--0 'o8o per cent. 

Mangrinesc . '. ,o’2y.> 0-350 

Phosphorus . . o'oo 2-rrotto 

and, at tiie niog, tr.io s ot silicon. 
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Regarded physically, it should possess the following 
coefficients 


Coefficient of tenacity . 
„ contraction 

„ elasticity. 

Specific gravity 


• 35~3^ per fent. 

• 30-38 „ 

7 - 6 - 7-8 


The immediate analysis of the purdiascti metal, so 
as to buy it on the basis of the previous figures, is 
most strongly rccommendeil. The physic examina¬ 
tion is carried out by the testing-machine, the 
[lurchase of which fs advisable, on account of the 
quicker and more simple ituestlLUition of the sheet 
metal. This machine is based on the principle of 
the detinral balance, in which •‘he sample strip to be 
iirukcn is stretched in position on the beam between 
two levers, and on adding to the load by placing 
weights on the ^nlc an incre.ising tension is obtained 
until finally the sam[de break' • 

I'ingland and (Germany prc. bace most of the 
forged metal, and tne larger part oi this of first-rate 
qualit}'. In addition, Austria-ffungary and hVanje 
manutacture good forged metals in* several iron¬ 
works, but these are frequently expensive. Moreover, 
the ad;i|)tability of these works is often very limited. 

Ai^tria-Hur.gary grants to enamel firms the 
rehate of the tax on English O'- German sheet metals 
in the ca'C of CAportati.ni the cpamelled wares 
prepares^ from them. In consequence of this it is 
possible to employ first-fbiss English sheet-iron in 
the manufacture of wares for export. * 
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Until the year 1896, almost all the forged metal 
used in the German enamel works was imported 
from .^ngland. The annual consumption of metal 
for enamelling purposes is estimated by Dr H. 
Wuppermann at 70,000 to 85,000 tons, having an 
approximate value of >{^1,000,000. The data giving 
the decrease in the import may be directly applied to 
the weight of the quantity of enamels used. Here 
may be mentioned the more complete statistical 
treatise of Dr Hermann '\^’lippermann, The Sheri 
Alctal EmimeHing hulnsiry in Grruhiny. 

The tax levied in (Jermany for im[sorted sheet 
metals, according to the customs tariff of ct^th 
December 1902, for jiicces more than 1 mm. thick, 
amounts to 30s. per ton, atid lor thicknesses of t mm. 
or under, 46s. per ton. For rolls the tax is raised 
25 per cent. 

In the case of foreign metals, -nils are recom¬ 
mended, the saving i.i Ireight being 5CJ per cent. 

The most thorough management of the metallic 
stock is indispensable, and is gretitl)' facilitated by 
having a specially designed storehouse, where the 
sheets may be stacketi accoiding to sa/.e and thick¬ 
ness. It is self-evident that such a store should 
be kept dry, to prevent the metals rusting. The 
utilisation of the metal to the best advantage by 
cutting out the shape to be folded for the crude 
ware, cr the preparation of rolls, should be as 
economical as possible. Yhe larger mefaljic frag¬ 
ments may be profitably used for the manufacture 
of hoil jw handles, knobs, children’s toys, etc. 
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A frequent, and if possible daily, oversight of the 
metallic'fragments is an indispensable duty of the 
official entrusted with the management, for n^ny a 
biidly forged article, often due to the workmen, will 
be exposed by an efficient control.' 

Cast Iron suitable for Enamelling 
Purposes {Cast Inn for Uicnsih or Pots ).—If not 
exactly within the scope of the industry concerned 
with sheet metal enamelling, yet the importance of 
the manufacture of enamelled cast-iron w cs for 
special purposes, such as the prejiaration of hygienic 
implements, water-cltiset appliances, water-pipes, 
baths, basins, etc., and olten for cooking-vessels, 
chemical appar .ius, etc., should not be under¬ 
estimated. 

Corre'^ponding to the essential chemical and 
physical difference Iretween sheet and cast iron is 
the treatment an^i preparation of the enamels, etc., 
which for the enamelling of ca»t-iron vessels differ 
from those in the; process of ena'eelling on sheet 
metal. The iron suitable for pots and utensils 
is a thin wrought iron, which gives a shar]^ 
mould, and possesses a smooth surface? and for this 
purpose the Inexpensive pig-iron containing phos¬ 
phorus, with a little manganese and a moderate 
•silicon»content, is suitable (preparcil from bog-iron 
ore^whic'. earlier was regarded as valueles.s), since 
a certain amount of brittlenens or a somewhat lower 
streng-ih clefts not matter. 

The h.nglish quality corresponding to the above 
is found near Miildlesbooaugh, and‘the German 
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variety, the so-called Lorraine or Luxembourg pig- 
iron, near Luxembourg. 

English pig-iron contains :— 


Carbon 

Silicon 

Phosphorus 

Manganese 


3‘5 per cent. 

2-0 

' '4 )) 

07 


Luxembou.'-g ]iig 
Carbon 
Silicon 
Phosphorus 


-iron contains :— 


V6 

2Tj 

I -8 


pe 


r 


cent. 

>■> 


Manganese 


0-5 


For thin objects, which, in conseipience of rapid 
cooling, are more brittle than thickei ones, the 
propert} of phosphorus in proiiiicing this brittleness 
is inconvenient, and m tlie case oi a liigh phos¬ 
phorus content .a little more siheon serves as a 
remedy. To the above pig-iron 40-5"' per cent, ot 
good bog-iron is ackled. 

For thin hardware, which easily becomes brittle, 
the use of a more tenacious iron containing increased 
quantities of silicon and carbon is recommended, so 
as to acquire a more aniform, smooth, bine surlacc ; 
the better (jerman and binglish varieties are there¬ 
fore prepared with the addition of i 2 ]ie^ pent, of 
steel (fragments from the Bessemer jirocess, w^ich, 
however, must not bii rusted over), or jneces of 
wrought iron, to the iltolten metal. tThis small 
addition of steel is often made with advantage at 
the foundry.* Steel in contact with the glowing coke 
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of the cupola furnace takes up carbon and changes 
into grey pig-iron, providing the silicon content of*the 
molten metallic mixture is sufficient. 

Arsenic, antimony, copper, or chromium ^ould 
jUot be present, even in small quantities, in the cast 
iron. If P is the weight of the mould, then the 
wei<;ht of the cast iron is .qiproximalely, for moulds 


Pine or fii 



. 1 ^*;oo X P 

Dak 



9-00 X P 

Beech . 



1 0-00 X I 

Time 

. 


1 ■’,•50 X P 

Birch . 



1 1 -OO X P 

Alder . 



. 1 poo X P 

Brass 



. 0-90 X P 

Z.nc 



O’ Ho X P 

j ,ead 



. 0-70 X P 

Cast ii'on 



. 0-97 X P 


Difficulties in the process of 


namelling hardw.ire 


are frciiuently caused by adhering 'nould-sand which 
has been burnt in. To avoid this, ,.'per cent, of 
pov/dered coal is mixed with the sand, and the inside 
of the mould is sprinklcil with charcoaVdust. Hetore 
etchint^ the hardware, it must be carefully cleaned by 
wire lirushes, files, etc., so that finally, with the aid of 
►the sa»K!-blast, a met.dlic surface suitable for etching 
and enai .elling will be obtained. 
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THE PREPARATION OF THE 
ENAMEL. 

The mixing of the L'lnimcl, /,(•, the inUriniii^llng of 
all the raw matcri.ils the object of which, after fusion, 
is the finished proiliict, is carried ont in a sj'iecial 
chamber. Since the pre]':i>-atloti of enamel is a 
trade secret, the mixing is performed in small firms 
by the owner himself or his represent,iiive, while in 
larger establishments, where the daily enamel pro¬ 
duction is on a scale tof) vast for the owner or 
manager to deal with exclusively, the following 
proceduic takes place :— 

The official entrusted with the jireparation of the 
‘dYiViinel mixe^^ together the smaller constituents, such 
as soda, saltpetre, cob.ilt - nickel oxiile, m.ignesia, 
brauatstein, and in addition a ‘-mall part of the 
teorax, felspar, ami cryeditc required In theM'ormuhe 
descrihed earlier. The workmati t.ikcs from ^this 
preliminary mixture th^’ corres|'oinling qu;uitit\', and 
completes the mixture Ky adding the jnaterials in 
*■'' *; amounts given him. A small ex.unple’will serve 
istrate.. 
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A'formula for white enamel runs as follows :-r- 


Borax 

* 

132 kg. 

Quart/, 

. 

152 » 

Felsjiar 


130 » 

Soda. 

• 

26 „ 

Saltjielre . 


b » 

Cryolite 


7 ^ 

Fluor.^par . 


» 

M.ignesia . 


6 „ 

Total 


533 l^g- 

'his is subdivided as 

follows 

- 


Mixture by 

Thi; 1 )tTi( lal in 

^e. 'I'be Workman. 

Borax . 

1 2 kg. 

1 20 kg. 

Quart/, 

12 „ 

HC’ » 

F'elspar 

30 )i 

100 „ 

Sod,a . r 

10 „ 

16 „ 

S.ilt;ietre 



Crycdlk- 


50 kg. 

b'luorspar 

3 » 

... 

M.ignesia 

h „ 

• 

Total . 

107 kg. 

426 kg. 


Thjt*oni)' very trustworthy workmen should he 
enw'uste'’ with the mixing operation, will be self- 
evident. • 

As alrcju) mentioned,* the raw materials to be 
mixed must be as dry and finely powdered as 
possible, for then the mixture will be more intimate, 
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and in consequence the fused enamel more uniform. 
In the larger works a practical balance with the 
miNin^q boxes placed upon it is fitted up. The 
mixing chamber should be well ventilated, ani’ 
during the process any unnecessary production of 
dust, involving loss of material, must be avoided. 
The pot or metal chest in which the finished mixture 
is transported to the smelting furnace should always 
be thoroughlv cle.inscd, wtidc in the case of blue 
and ground enamels separate boxes are to be pre¬ 
ferred. The more o.jiensive nielalhc oxulcs should 
be separately weighed on sm..ll b,dances. Cobalt 
oxide reijuires an especially long tune foi' mixing, so 
that the colour intensity may be jirojHTly developed. 

With smallcT (juantities (u;' to roo kg.) the 
mixing is perlornied by a w'orknian who employs a 
crook for the jairposc, but larger quantities are 
brought together by a meclianicail mi.xing appar.itus 
or mixing cqlitider. Careful niixmg by hand is, 
iiovvexer, m.ire lad'.’.ble. The rule may l>c stated 
that the smaller the (ju.intities t.iken the more 
intinxite the mixture. Larger q laritities, up to 8uo 
fcg., whicii a-.- mixed in the “ mejangeur,” must 
rcmai.i a corresiiomiingly long period in the 
apparatus—in fact, up to thirty minutes. Coloured 
cnanicls' require an esj i^ially long time. i 

The eruiie era imc-l mixture must be put through 
a wire sieve (widJt of» meshes 510 7 mm.). 

The saitj'.etre usi.ally*gathers into i*niall balls, 
whicl. must be carefully crushed by hancr 

In a we .-ftaKlucted works, stress will be laid on 
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the exact manipulation of the blended raw materials 
which ^vhcn fused together form the enamel, on the 
one hand to ascertain precisely the loss on ifelting 
ind therefore the value of the enamel, and on the 
other to expose negligence. 

Above all, the balance should play an important 
part in the enamel industry. All the materials 
which enter and leave, whether proci^eding Iroin the 
mixing chamber, or leaving the furnai.e, or e tering 
jhe mill, the enamel from the latter, coal, the etched 
ware, etc., all are weigh.ed, ;ind a reallv efficient 
service at the ba.lance rc'ulers most valuable help to 
the works mtinag nu-nt. 

The Melting Process. — Vrom the mixing 
chamlier the enamel proceed,s to the melting furnace, 
which is generally a bl.ist furnace [Jl\innin“Jcn') and 
seldom a crucible furnace. Accordling to the dimen¬ 
sions of the workings, the turnices are provided 
direct with 50 per cent, g,^^ or S;enLi’itiv'c heating. 

The crucible furnace gives very gvio,! results in 
the case of the best eiiamels, but its utility is limited 
and the cost of maintenance too great, 

|M-esent the blast furnace is .ilmost ex*ckisively used, 
d'hc dimen-.mns of the hitter must not be too great, 
but corresj'ond to tlte proportions of the melt. 

^ W'hai w.f stated with reg.ird to bleiuiing finds its 
paT.iltel lure. The smaller 'he portions, the more 

uniform the fusion and the^ner the enamel. 

• 

In wtylfs of inoder.ue sl/e the ch.irge shouki not 
exceed kg. at any siiigle operation. 

l.a’'gcr works are ncces.sary, however, in eon- 
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sequence of the large consumption, and these must 
be able to deal with over 200 kg. at a time. 'If the 
tempef^iture of the furnace is insufficient, then the 
charge of enamel must remain there longer, doubtless 
to the detriment of tlie product, for not only dis¬ 
coloration hut frequently a decomposition of the 
enamel may set in. Moreover, every expert knows 
the disagreeable consequences ol working with an 
under-fused enamel. 

Too high a tempenuure in the furnace is in a 
like manner obieaionable, since combustion of the 
enamel may take pl.tce, or a’ premature decom¬ 
position of the separate materials ma\’ proceed betorc 
the mixture has time to unite i iicniically to form a 
silicate. The mean temperature lies between i lOO 
and I2CC C. 

Special emphasis is laid on a very vigorous 
crooking, viz. stirring the molten, enamel in the 
furnace by means of fron crooks. 

Success depends iargedy on this latter operation. 
On meiong the enamels there commences a ddstinct 
of the constituents, according to their 
specinc The borax, soda, ami cryolite melt, 

while the fusible quartz and felspar endeavour to 
settle, to the bottom Siiuuld frequent and con- 
scientirjj stirring he negdecied, there ilevelr^-is an* 
un'-ven exclusion of the silicate, with conse(]utnt 
deterioration in the cpfility of the enamel. The 
duradon of the fusion maybe taken as •tij'o hours 
for white, and two and a half to three hours for 
ground and lalue cnanicls I lie latter sliould be 
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vigorously fused, but this must be abated .for 
white enamel before complete devitrification takes 
place, otherwise it will become more transpareMt and 
)*ess opacjue. b'rom time to time samples arc taken 
from the furnace with an iron bar, and should the 
glass threads of enamel which form exhil>it the 
partial develojmient of knots, then the enamel must 
remain longer in the furnace. ^ 

In addition, I'clore drawing off the ena*’ el, a 
^mall specimen is placed in a vessel, allowed to cool, 
•ind the fr.Ktured suriace observed. Well-fused 
enamel shows a bright, absolutely smooth surface, 
and iracture free irom porosity. 

Main' of the smaller works fill the furnace with 
tile m-xture to be fused, and allow the molten enamel 
to run off continuouslv, while the mixed materials 
are pcrslsiendv a.idied to the furnace. 

That this fo*m o| continuou' working is not 
suitable fol'ows from the reasoits ofiei'ed above. On 
fusion two factors op'rate in causing a loss of 
enamel : on the one liand the decomposition of 
certain constituents, which 'rive off their water of 
cr\■'talli i.ition .or carbon dioxide (bonfti.c,.'/ per cent., 
sod.i 4 I 'per cent., since only calcined soda Is used, 
s.dtpctiT bi per cent.), and by the partial loss of 
‘ hydrdfiuoiT acid from the cryolite and fluorspar; 
oiT the imIkt hand there is the loss in manipulation, 
which ordinalily stundd notfexcced 3 per cent. The 
averageJiTtal loss on fusum may be taken at 15-23 
per cent. An csltm.uc slioukl be made for each 
separate case, in order to show what amount of 
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enafnel may be obtained by suitable manipulation of 
the raw materials. 

Th^ molten enamel is allowed to run into eold 
water, m order to splinter it, the water then beinjf 
run off and the moist enamel either t.iken direct to 
the mill or to the storehouse. Many firms dry the 
fused enamel, but the ma’iority use or retain it in 
the moist coiT^iition as it comes from the water 
chambers attached to the furnace. In the l.utcr case 
the enamel cont.iins about per cent, of adhering 
moisture, which must be taken ;mo a..c<Hint when 
estimatniLt its wci'dn. b'or storma'he fused eu.micl, 
chambers are uscu wiiich are ja-otecte I .mainst wiiiil, 
rain, and dust, the doors bei'!';- cctiu iited and the 
side walls covered, with sheet /im. 

Separate contjcirtments are esnploved for the 
different varieties of enamel, witii h tnust he main* 
taincoi in a condTion of the utn'ai^i i»'c.iid;ness. 

As an ex.i nplc of the caiculatif)ns witerebv tile 
loss duriiiLf lii'-um isan.'ved at, th.e tollowinp; com¬ 
position .il a tiromid cn.ime! will erve : — 
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- d i'bo ky. 

h'elsj ,r 

55b'' « 


• 
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Quart.: 

-TC „ 




Scjcla 


Irn 41 

j-er cc lit. 

d ''44 

Fluoispar 

•7’ T 

/ )J 



f 

» 


5 ’-' n 

loss t| I 

per u'lit. 

d'Cp ko. 

Coisilt O'; 
Limoi.ite 

^ 0-4 ,, 

• 


♦ 

1 . 

io^■, p 

j-LT f. Qt. 

f I kp. 

I'otal 

T?. k:/. 


,rjss 

■ 4<^nb4 kp. 
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18 r6 kg. of mixed ground enamel give, according to 
the mode of fusion, i8i'6-40'64= I40'96 kg. of 
fused enamel. This gives a loss on fusion^of 22 
*|)er cent., to which must be added a still further loss 
of about 2- 3 per cent, due In manipulation. 

The Grinding Process. —The fused enamel 
is taken to the mill, where it is ground in stone mills 
(with iKt’ier milKtone and adjustable b^-arings)or drum 
mills. The latter are not suit.ible for the .noist 
^n-mdingof white enamel, but may be employed with 
advaiit.ige for large (piantitics of coloured enamels, 
d’lie fact is that whitf enamel ground by stone mills is 
not only liner, but .ilso more opaque, for the particles 
of tin oxide appear to be ciushed and diistributed 
better thi'nugl'.out the enamel by grinding in this way. 

In the grinding room the most scrujuilous cleanli¬ 
ness is observed, and the production of dust avoided. 
Tile amount ol,fused, enamel to be ground varies 
from 20- ..,^ kg., while the doiration of the process 
Will be, .Kcoixiing to tile cjiiality of the enamel and 
the gra.Ie ol fineness desircdi, between four and 
twelve hours. Water is advied up to gei pe r cent, fo r 
white, and gev per cent, for ground- 
weiglit ol the ]iortion taken. Siiie'c during the 
grinding o[UT.ition lo^s ol water may frce|uently 
occur*care i-. always t.iken to rephwe this ; otherw'ise, 
in* co'n-(a|uence of Iri^tion between enamel and 
millstone, heat may lie efolvcd and thereby the 
e]ualil)’*1110 [Miwder unf.tvoui.iblv influenced. In 
such cases the en.imel is s.nd to be burnt (t'evd'ra;/;;/), 
It liwes its lustre when burnt info the- utensil 
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The deterioration of the enamel so caused is trared to 
a loss of lustre consequent on overheated milf-stoncs. 

Certain compounds are addcti to tlie moist grind- 
ing, nlit only to develop the white, red, or greeif ^ 
colour, hut also to itiake the enamel capable of use for 
the subsequent enamelling of the crude ware, buseil 
enamel, ground without these additions, wouKl be 
useless, as it wyuld quickly settle to the bot‘om. 

As addiitions fin grinding there are used : stannie 
oxitle for d.eveloping an intensive white in liie 
enamel; such efdftur oxid.es aspinkrosa, terric oxule, 
chromium oxide, cad.nnum stdplnde, etc., wiiiAi 
develop rose, red, green, and yellow colours respec¬ 
tively. In many cases a little '/inc oxide per cent.) 
IS also ad.ied to make the white enamel more nery. 

Clay serves as a further important addition 
to the grind.ing jiroress for every enamel, suite it 
possesses to the highest degree, i*ue to its tineh 
divided contd;ion,th« cap.acity of h-ilding the ground- 
enamel in a state of susp.ension, and thus preventing 
the so-^dled “settling.” Moreover, the day j'ro- 
,l uces op ,,, ity and influences most favour.ihly the 
d^ta 'n TSx^’fe enamel. The prelimyiary treatment 
of the day has been already described. T he addition 
of str nnit oxiuc to whit'- ena.nd varies from 5^-18 per 
cent., that of day from 5-1.; per cent. Only V 
per rent, day is ad.ltd to gwouml and blue enameK. 

It ., .uso advis.ib! t«> use in certain cases a so- 
called vemd'- < with the enaitnj, unless 

one prefer' to li'O this immediately before charging 
the woiking-d!shcs with enamel. 
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Th' vehicles used are for the most part alkali/ie, 
seldom of an acid character, and serve to stiffen the 
enamel, so that, on taking a sample in a ladl^', the 
c'liamel is onlv mobile for a few seconds aiu^ then 
*quickl)' comes to rest. The enamel is then said to 
stand good. 

'I'lie j'riiuipa! vehicles to be noticed are sal-am¬ 
moniac, ammonium carlionate, magnepium chloride, 
burnt magnesia (formed by heating magne ium 
carbonate to redlness}, common salt, and, for many 
enamels, borax and soda. Often I'.’.psom salts and 
magnesium sulphute* are used. Most worthy of 
recommcnd.ation f( i white enamels are ammonium 
carbon.ite and bm nt magnesia, Tlie former h.as the 
valuable properly of volatilising in the muffle without 
leaving behind the often injurious chloride and 
sulphate, llcrnl magnesia also commends itself as a 
pure base free fjoni acidis. For ground and blue 
etiamels 'oonx is readily used tas a vcj-|ic:]e* (about 
5 '.' 'o' grrn. ;'er ICO kg. enamel). With, such power¬ 
ful -ulisiames In’-yehicles a caution must be uttered. 
The enamel exjiert will always find Fir individual 
cases the cnrrcft minimum amount these 

till ivm i.ibie vehicles, and from fundamental reasons 
this im^Hirtant post in an enamel works is never 
^iven <0 woi kmen. It has happened, that workmen 
whf) appealed conversant wiff. tue use of such 
materials h.,vc oiicn uscM Itigidy objectionable salts 
as vebic!^’s^ and in ciinsciiucncc have been severely 
rc|irima!uleib 

Finely grmu’.ii enamels have a brighter lustre than 
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those more coarse ; yet in spite of this the enamels 
are not powdered too finely, since they aCtjuirc a 
soapy, slimy feel and are hard to use, owing to the 
fonnaV’ion of lumps. '' 

(iround and tilue must be somewhat more coarse¬ 
grained th.in wliite. In cases where the utensil is 
tmiy to I'C co.ited once with wliitc eirinnd, it must 
be ground correspondinctlv Cicirser tlian so-called 
second white, wlii^h is used lor the setund covering. 

Tile .specific gravit)' of the i n.tmels, .'.c. tiie weight 
ol .•cubic centiuveti'e, amuimls to — 

bnr wlute, (.dcu'.Ucd withoui iiv. ludc'd 

w:uer . . . . , a’S 

'I'he '■anie rcckouci i a p',r cei.t 

W.irer . . . . . iT 

l^or gn'oiiii.i e.n.uiiels, calcul.ctcdi widunit 

in., hided water . . . 2''^4 

'I'hc' miue rci k'd i-f ■• per tent. 

v.an-r . , . . .re; 

Atco: Png to tile or.inrr'v formula, -v /.c. 

the erod, -.t ol \olume an.i pc. ;lic gr.ivitv of a liody 
i'^'eTT^^'fca.^elgiit. 'The weigdit ol a volume of the 
enamel, or .'o’ r.s,, in,i\ cpmkly be cakul.Ucd by 

using tlie aboce spc' die gr.tv'.tics, 

h.:. a c'( ssel tontams 4; litus of yliite enamel* 
oow I'.'ig mcbidi’ig w.Ucr, and tiuT'. tor- rea.iv tor use. 

1 tie 4: 1. v.i :J, •, t''■■ri<orc, 4 c >' rP ■. ■'•d kg. 

1 Pe s.unc ve .se! coniaTumg 4; 1. grouijd-enamel 
will only weigh ke., ■• is e .j 4 x r;4 --- kgn 
1 bt AjpCchfi? giMvir, ol whiT' > lamcl is higher than 
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that Af the nthcr enamels, owing to the addition 
of stai'^'iic oxide, and approaches, consistent with 
similarity in character, the specific gravity of J^lass, 
rhich varies from 2-4 -5. 

I he cost of fLisioii for 100 kg. enamel, from the 
ratios of the amounts meltc 1, wdl he determined liy the 
Slim of the lollowing variables : crucibles for melting, 
tire-}wool material, boxes for holdbiu the enamel, 
loal tor the turnaie, sliovels ami siimfm- jirn'lene nts, 
the wages ot tile smellers, brick],i\ers, iucksniiths, 
and tinners. 

The tost ent,rf\!.;'i tiie gnud.nj; is in its turn 
similarly cah ulate.l from me amount of work done 
in a montli, wages, rtp.urc, and mattri.i!-, usctl. Tlie 
calciilatioii of the toinplete en.unel, grountl moist 
ami real!} lor use, is rttkomsi, howt\i>', witiiour 
water, ami may la: r.ip diy m.ide on the I'.mns tit the 

lollow ing iormul.i : — 

• 

I'r st.imi • lor ihe lo-t in s'-^thtio-, '.1 1 kg. (,i 
tile in;\ed, unoeateti er -nitl. 

P' \.dut‘ in shdluigs oi the .1.' i'th'n- O' t!ie 
grbuiing. 

], 1 O't o', lu'-mg If kg. en.inu'l 

M - lo'.r of gi'in.i'ng I . kg. t’laniel, 

/. jthe yeittniage .i-d.litmns to iln- grinding 


(iu- (>( I 

c- kg. en 

re! le.idi 

tor use. 

;iik! '.filii'ii 

iig ill tni 

<Ka! 11 ’.i iJi*'. 

, with the 

'At.- plio’i 0 

! w.iit^'. 

« 



PinJ--'’ 

r-i P.’-:-n 
1 m fZ 

1 “ 

+M. 

• 
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If for white enamel the aJditions average r6 per 
cent., then the formula approximately reads %— 

Pm - Pr + o'8 <; X P/+ 1,4 M. 

In many works the powdered white enamel is 
subjected to a further purifying process. The 
success attained for the latter requires notice, but 
the process is not recommemle.i for ordinary use, on 
account of th'e relataeh' iiigh expense. To liiue 
(mantel a little ferric oxiiie is udv.uitaeeously ,idded 
on grinding, whereby tlie blue will be ren.iered mine 
brilliant andi intense. 

The enamel fragments ['roJiUced vhirmg the 
operation shoubi ns far as possible he separ.itedl 
according to colour, collected tuueiher, ami fusml, lor 
further adiiition in suitaiik ipnnt ty to the blue 
enamel before melting, :— 


Ijn I i'ix.'.Mi 

Borax .... 
.'\iuinbi.i 

Natural eruilitc 
Saltpetre 

l-'used enamel, Iragmeniary 
Cobalt oxide 
Lirno.’iite *. 

b'erric oxiJ.e . 




2*1 I 2 kg. 
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Additions on grinding : 

4^ cent, purified levigated clay. 


120 grm. ammonium carlionate per 100 kg. enamel. 

The following further formula, etc., 

may b.’ given 

for some special varieties ;— 

lll.ACN I' LSKU , 

Borax ..... 

62 kg. 

l''eKpar . 

120 „ 

Sod.i ..... 

14 

I'crnc osiii;. .... 


Cf'b.dt oxi.le . 


Sir,.dr ..... 

P> „ 

l.muiiiite .... 


Tot.d , 

23M kg. 

.Al'll) R( Sl^i l\o Will , t. 

B'.Mx ... 

74 kg. 

I'ti'-]'!!' . 

I „ 

(dll.ll'l. . , . . 

i 1 r „ 

t'lAfldr ..... 

-1 I' 

ns 1 ■ 

4 ' ■> 

l-'lriirsp.n .... 

n 

Sod.r ..... 

>> 

S.iltpeti'i' . ... 


Jkl.igiH dium c.irl'oniUe 

1 „ 

Pure powdered rlass-mc.’! 

» 

Clay . . . • . 

12 „ 

C.il^s^'.ir . . ! 


Tot.d . ,, 

45^4 l^s;- 
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Additions on grinding : 

7 per cent. clay. 

6 ,, tin oxide. 

Ij ,, burnt magnesia. 


Cil A/I. 


liorax 


c. 1 kg. 

Ou;trt/ 

. . . 


h'elspar' 


-1 ' ,> 

Crvolite . 


1: „ 

S.ilfpctre . 

. 

4 

•Soiia 


« „ 

Fluorsp.i! . 

. 



Total . 

I 51 kgt. 

\\ H. ] 1, 

lor FoI’.a; ITi' 

; ri'. 

l>or,i\ 


>> k.:'. 

belsp.n 



(duarl/ 


i 4 

S,.!a 


t, „ 

{ r\ 1 iliti 

. 

‘1 n 

f'ln 

. . • 

4 11 





Total . 

17 1 k/. 


/'.■I.btioiis on ey!'nlni!_; ; 

4 per lent, iV. 

7- iO per cent, toi-a! red ss.ibstana's. 

t 

A..a,eg the enai als suitable ior hardware, the 
to'h wino may be mentioned: — For gniund-en.imels 
X mailed [ -rnpui is used, /'.e. a substance whii.h has 
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only b "Cn heated in the furnace to the melting point, 
and which on account of its composition is exclucfed 
from comjdete fusion. This matt is prepared by 
.tiixing together borax, cjuart/, or flint, fr.fspar, 
fluorspar, and clay. Naturally, a number of formulx* 
exist, from which tlie following are selected ;— 






A'lUi 

1 K)I>, 

on funding. 

(0 

30 kg. 

ijuart/.. 


8); 

kg. 

vliy. 


17 „ 

borax. 


1 


magnesia. 

(2) 

30 kg. 

(juartz. 


jo ] 

kg. 

clay. 


30 ,) 

felspar. 


6 

n 

feKp.ir. 


-5 •> 

borax.” 


' 1 

)> 

ni'i.,:Ksia. 

(d) 

210 ke 

n flu.,, -0 

kg. Isira: 

X, 11 

:i kg. soda are 


fuse' 

1 lor tiirck' 

to 

four In 

A. j's 

in tile furnace. 


Ibn-i 

r.o L';rini! 

ing 


kit. 

of the melt. 


11 k 

<y c^i\ -1 

‘r>’ 

14 

k<>'. cju 

lart? 

are add cal. 





.■”,>1 

‘1 t'ons oil j4i’h(liiijg. 

( 4 ) 

k:c. 

fliitt (silica). 

I s 

dn. 

of the melt. 


« n 

borax. 


•6 

JJ 

nuirt?,. 


1 

fluorspar. 


1-5 

n 

k i A . 

This 

mass is known 

;is 

the m 

..tt 

(.bivV/,), and is 


p'Cj'ared by iiuxiiig the substances named, heat¬ 
ing' to redness'in a shallow j .n, ctn cAal (.xternalh' 
by cl.iy, in the muffle furnace. The heating lasts 

about cute to one and a halt hours. 

• • 

The niatt forms a porems, tcfi'-looking muss, 
wliieh is broke up an.) groun i moist in the mil! 
with the addiuon i)f the 'ithcr siihstaiices. A too 
abrupt tu'i.in c'f thi mat! is .uc ded, otherwise a loss 
of adhering powe'' is entailed. 
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All the good white enamels for sheet metT.l may 
be used for enamelling hardware. Many cast objects, 
such as imitation majolica, baths, etc., should not be 
covered by enamels ground moist, but with thosi 
powdered by hand,or by means of a sies’e or special' 
machine. The process of covering a Gist object 
which is rcdi hot witii dry enamel finJy p.owdered 
will be understood a little later. The en.'.niel used 
must be easily fusible, and the process is performed 
with repeated warmlne. of the object, until the 
enamel Liver iias the des-red tliKkmss. \(,ssi]sso 
tre.ited present a ’porcei.nn lik" .ipj'c UMPCe, nut are 
exjictisive. b'lM'uentlv ll'.c ground w'nte enaim 1 
ma\' be sprii'klcki dn.reet on Ine reJ g:o'C\;n:' c i a 
without the inieime InCe st.ige of a nuitlcO e’'o,,n,l. 

Many enamel pouaicfs .ire prijMce.! \\:tn lea!, 

antminnv, or arsenic i ompo.mils, whan gi'-c an 

extraorsiuian lustre to the eiiameb. 

, . « 

,'\n enann 1 contaming arsenr. is easy to re.,> 'i; 
since in fuse'! s-uig les it exiubils a i'i'eish, .dc.niiing, 
tr.iir-I'..,' .t edge. 

As ,tn ' sample of a white enamel powder free 
Irom 'c*im liiay be taken ;— 


T01...X 

1 eis.iar 

SimTIUK oXide 

• l.-y 
Soda 

Sar.pe’-fc . 
Natural yvolite 


I c 


'4 




)> 


>1 



» 


• 4^^ »> 
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y'^mmonium carbonate . . 3 kg. 

Fliioispar . . . . 2 „ 

Magnesium carl'onatc . . 2 „ 

Total 465 kg. 


As a further example ol 

a white enamel for cover- 

ing cast iron when moist 

— 

Borax 

. . fii'o kg 

I'elspar . 

. . b(,i 0 ,, 

So.ia 

. • 4 

CiTolite . . . . 

. 20'C‘ , 

S.illj'ctre . 

• n 

t'la\ 

• • '“5 1’' 

Siannn 'ixuk- . 

2 - 0 -5’O ,, 

Magnesia 

• • ^ >1 

1'1 iior-p.i" 

C’ i „ 


1 ()(ai ' ; 

AvMitions on gr 

tiding* 

7 per cent. 

tin (^xidc, 


7 ,, ckiT, :itni 

0'3 „ magi'cbiu. 


fTARl.t. 







Tin (.'i.jmicai i- 1 'u ui Sr.vr.KM Lnamli.s 


Knamki.i.in(; 

ON 

Iron 

AM) Srhja. 
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Kxam 

"I.ES OF M IX'l ORES CORRESI’ON’DING to 

TlfE 


AliOVE AnU 

V^L'S. 


No. 

I is the Riwlx'sis of an easily fusible 

white 

.Ixxly-L'iwnicl, the n\i\ture hein 

o nj.ide up of 

- 


lAIspar . 

1)0 k<^. 



Bor,i\ 

. 42 „ 



Tm oxi.lc 

,, 



Soil a 

'5 .. 



S.ilrpetie . 

. — 


No. 

; IS thi- .in.ilj V . 11! a u 

lute eii.unel eon 

sisting 

ot :— 





felspar . 

'i "'0 ko. 



!)ora\ 

.1» 



Qu.ti't/ . 

. ZO'O „ 



Till (ixule 

■ 1 7 ‘o u 



Soda 

■ 1 „ 



Saltpetre .* 

'■5 0 

• 


No. 

K is wlute enamel mix'. 

d Ironi 



i’xil.lX 

. -fO'o k”. 



I'ehj'iir . 

. .ptisd „ 



Autimoliv oxiile 

. cfi „ 



S' 1 , 1.1 

!’4 » 



C'hi' 

. 4 'i » 



Crxiiitc . 

\ fy^ 

• 1 ' ^ „ 







CTlAl’Tl'.R IV. 

I HI: PREPARATION OF THE CRUDE 
WARE. 

Til!, LrU'iC \v art' litatcii to rf-.hit.^'; hctorc 

jiitki’’!.;, u'h!' the oii’ictt cit rfoiuvar' tlu' aiiluTinu!, 
^irc.s^v or aoa;".' i.n'cr. .Alin'cotcr, the tl.is!iLi(\ ot 
thf sheet nu'i.'J, wiiieh is lost Jl.lrin^ tiie tor^.h.:, 
ilrawino. {'laoiiis;', or pressing ['rotessts, is rf'tort^i 
hv heatiiia, tins opcr.itioii I'el.’ie; naK!uctt\i lor th.c 
n.ost p.irt i. tile ii!i;:rie, seTiom in ,i spt. la! furn,ii.c. 
if the ti'uif varts arc liippcil in wtakh- acalnlcd 
wave' 1 ' lore lic.itne, the j'l'oess is rci'ulcrc.: more 
thoroiijj' sin c t'lc oxi.ic ('r stale later easily 
c(ini', ff af er aiowhio. With hcttcr-dass wares 
this siioukl .aluays l-e ih ’U'. Many of tiie flaws 

whith snow ihenisclves i.. the enaniellea! iitt'iisil 
after firiiiL; I'.ave their origin in the int< niplett 

and ti erefore insutheient heatino of the tiudic 

'.van •• 

A'vjve all, too i.iany wares should tu td'e heated 
at idle sani ■ tinie. ^^'asi hi;: ntensds, pl.ttes, ete..are 
•p! i. eu 'll si,ts*ol nut t ure tiiaiHive toeipht piett-s. It, 
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for C''Am pie, washing utensils in piles containing twenty 
or moie pieces arc heatcil, then incomplete combus¬ 
tion of- the impurities takes place, together jrith a 
' non-unitorm oxidation in conset|uence of the^carcity 
■ of oxigen. The latter often causes alterwards a 
chipping off of the enamel at the edges of the 
utensil. i!;ul healing is generally an acconijianying 
c.iiise of scale lorm.ition (nail-ehips, C'jtlp (/’e;/"/f), 
so that, on tooling, small enamel partieles in the form 
of a ininiatura finger-nail break off front the tired 
en.imeileii ware, it should not i'e sup[)0':ed that 
this, V’.i'.i. !i IS so leered by the workm.in, c.in only 
b-e tiai.t..! to iinr’'oper heating, since scale forma¬ 
tion f. Oiten iiue to insutlicient burning in of the 
* groui! 1 en.i:i!'.l, o'- to a f.iulty enamel. In order, 
however, to avoid, a usu.il error during manu- 
f.iedire, whah may be user bcii to different a.id 
oil'll not pi rm.inent i luses, the c.trcful man will 
use .ill t! ' me.uis which exj'eriee.. has placed at 
h's iii-:-o-,a!. 

h is l.idv t-' p.tek tog-Lther for heating cvlindrical 
or ccinii '.! obje.'is, sui, h as pots, stcwp.ins, etc., tor the 
grc.i'C will niih' be incompletely buryt, .I'ld carbon 
deposited, whrth will be diawn itito tffe pores of the 
me!.;l. Wi.en eii.imeliing such objects, a more or 
Jess tyifk bi ster form.ii'on takes place on the sides 
aiid e b'cs, causing an increase i percentage of 
damagcii good;. • 

Idle iemi'ir.iture oi the furnace must be suit- 
able (abo.it 750' C.) and Kept umtorm. An 
underheatc-.l tu'M.'.ce, in whiih thi* crude wares 


I 
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must reiTwin over long, is as injurious y. one 
overheated. 

As jn the jirelitninurv treatment of hardware, so in 
other Ciiscs, it is ad.\is.rMc- (o heat gently in t!ie muffle 
before pickling, in order to hum u]i the adhering 
coal-dust. 


The 

erudie ware so 

prepared, is ni'w taken to 

the pi; 

'kling th.i'fiber. 

The 

p'ekhng h.is for its 

obiect 

tl'.e prodiiit i s.in 

of .1 ’ 

['lire tf, t.ilhc suri.ue, 

s'lue o 

iiiv upon sifh W’ 

■li the 1 

nrouiid -en.uiic 1 .idhere, 

and Oil 
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of tinned,. The tin will (.ad)' aiiny itself 

at ' ited Sj.ots'm the me'al. 

! i.lute hv..r Khlnrit .s u-ed, one-thirii acid 

of 11 Te '‘pH'tic ^ri.tity ci"!'; to two t inrds w.Uer. 
The s ;.!pi, jDe* iiei,; hr pakhne is pi\p.ired from 
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90 i ;;^rts watur and 10 parts concentrated acid of 
64' to 65’ Be (specific gravity i‘795-i-82o). For 
cast iron, siiicc h\.irofiuoric acid is not used, dilute 
suljihur:c is taken, anti heated hy means of^ steam. 
Hytii'ociiiftric is preter.dile to swlphuric acid, being 
not only cheaper, hut also causing less intonvenicnce 
in breutliing. 'I'hc acid must be free from arsenic, 
otherwise ai senuirettcdl hytinigen will be evolved 
tluring the pitklmg, and this possesses a disagrecalilc 
garlic bke odioui, and >■, moreover, injurious to 
l^calth. 

It is adivaii<a'',e"u' to ttsf the pickling ae.ent tluily 


tor the a 

'iii.iitit ' 

1 iinusca! acid. A test 

ejuantity 

is tnr.iti. 

1 wi'h. St ini-norma! c.u tic soda 

solution 

to wit.ih 

a l.tde '■ 

aiear h.is I'ern aduled 

to avoid 

o\ nlaia'ii 

(.f the , 

i;-.>olveti ferrous s.ilt. 

Phenol- 

I'hth.ilein 

is insed 

as indit.tior tiuring the 

analysis. 

i his (c^t 

Miav lie 

A 

taiTitsl out in a few minutes by 

Miv nit; b 

■'■nt workman. 


'if the 

Ii -ijiient 

coi trol of the .u ' i 

i'.juor be 

lit t t, i. 

it m.iv 

h.ij'pen that cither too 

little or 

t O' ■* I!'i Ui ! 1 

f"c.-li .ui. 

1 Will lie addeti daiiv. 



■Sore! " rectvninends the follnvi^ing for cast 
iron : — 


poparts suij'luir'c acid of to Be. 

^ „ I'll sail ('snt'l.d,')r / in. chloride (ZnCL). 

If t'w ,icn! content be toc' small, the amount of 
It rroiis I*!** I'l the .ickl I’lths mH be tcio great, and 

’ i I ' . 1 ’ ' < / />'t,' / ii.\ t v'l 4»<> 

t 
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inadequate duty done; besides, the cleansed crude 
ware will be tarnished by a yellow coating of ferric 
oxide. 

If acid, ix' ailded too frequently and in too great 
qiia.niitv, then the. pnx'ess wdl be too energetic. 
Iron will I'e dis^oK’cdi unnecessarily at the exjX'nse 
of rile eecC'S ol acid, and tliis tjuite apart from the 
mater; d d-sadwintaiLC d.ue to avid w.iste. 
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Tkl Loss of Mltai. dtpino kling. 
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rile cuu.lc wMi'os suffer a loss in weight on 
p'LkiMi'.: wiiith averages ’-4 jUT cent. The 
1'MMi.iii .1. i!) which is the in-1 niati.; . ’ tor making 
the ni'i' t -.Cl vlvccihle p.ckhng v.at; is iiai\! to solve. 
T.inks io.kic of cjraniti or earthiC-i'ware arc very 
.lor.ihh, i'.Lit too expensive and, myreover, limited 
ill cap.i'ity. Also vessels preparefl troni slab.s of 
p!a/c\l stone are uiisatistactory. Tlie most suitable 
ai e ^ifise tlioroauiily coated inside with le.td, which 
4 ’i iti. turn IS covere.l by wooil. Between tiie wood 
and le.t'.! {iou.fontecr or liiarkforf .tsphalt is poured. 
A linimd jiicklinp uLcntiacts more c]uickly and saves 
.un suns, ijuent r.ibliing c>r si rubbing of the cleaned 
ware. 
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The metallic object to lie pickled is place^ in a 
latticed basket and set in the acid bath. The 
procesj lasts from 301-41; minutes, accorddng to the 
conci. ntpat'.on of the bath and the tliiekness of the 
met:il. b'or the ware to remain too long in the 
.acid is iii'urious, on account of partial deeonijiosition 
of the iit.iter'al an,! the formation of so-called 
metallic blisters. Tile siieet metal is eomiiosed of 
maiiv tavers, and tlie pi-essure of the hydrogen 
ecolvedi p.'-o,luces an inilation, a blister, A 
rusted cruvic article \vii;c!i has Mitlfred nun h 
.itniospiier'c e .posure re.|U’.rcs ’prul'meed paklum, 
.ind bt.omes of nfcr'.i''" ijualitv bcwUisc of rust 
fonn.tt'.on ami <re iini,s]u.d ,icti m (T ilic .tcid. 1 he 
p.ckicd w.ux IS •pj.ac ! in a w.iter tank m ntder tint the 
gre.iter p.irt ot the acid mav I'C o.-uio'ced. fhe List 
traces of ac'd ad.henne .ire neutral! e.i by liipjang 
the obiects in boiliiw soda, tieijiiciub. merely milk 
of bme Sol nr, I’l. Tiy: (Ic.uised ware is then raj>;-.!ly 
dru.i nil .1 sp', i.d dru’m ite.irtii. This dri'ing must 
follow . .ucklv .IS po.sdile, to preecMt Ires!) (.ixida- 
tio’i. ! lo!' .\v !i,indies, eti., regui’a ;i speci.dly care¬ 
ful anc’ *f ns >uy h iti \ mg. 

i’ickluij ha'dwarc l.kewise reguires much care. 
The W'ue .etna-,is 111 the hot e ic percent, sulphuric 
aciid about i i .f hours, is then i>l.ked in [lurc'yiater, 
and ' naliv in linihn-j -.o.la snlufoii. After it hif* 
b.eii s trcitcvi, thec.i-t m ileuiei or irrul'be.l ome 
mon b', vurc iirte'ies, usr;!g ,i la* 40 ar^i^tunl of 
V.'lltt .. 

'flu h,i n l( ■»-, pK[c’.ii;on .01,! rmiov.d of the 
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acid '^quor often involves expensive and difficult 
work. In several countries the legal regulations 
respecting this arc very lax, but in Cernuiny con¬ 
scientious observance of very stringent laws is strictly 
enforced. 

Where sufficient running water is at hand, with 
which the waste acid liquors can tnix in a minimum 
ratio of i : to, tlie liquor-removal problem has a 
simple solution. In other localities the contrary is 
the case. Hv neutralising the acui bcpior w.t.i milk 
of lime and soda, leading the same into oxivlation 
reservoirs whei'e the* lerric oxid.e for the most jxirt 
separates emt and settles, tiitering l.he neutral liquor 
through powerful iilter jiresses in order to retain the 
List j'.irtieles of iniidi,and then allowing this l;i]uor to 
filter thruiigli land in pcrcolatbig ponds, it is possible 
to remove in reality all danger of contammat.ng 
running vttter. 

Some (ierman enamel tirms fiavi -et tqi complete 
plants lor the thorough ncurrabsat:. ind separa¬ 
tion of mudi Irom their ,icid liquo. s. 

if ow far the purification of acid water may be 
acconij lislicd in the m.tnner described is shown by 
the following illustrations In a large Cerman iron¬ 
works the impure acid w.tste liquor sliows the follow- 
«aveni^;(! conipositiou :— 

IOC liti'C's m tin : 

Siil^.liui le .ic'id .» . . scoS grm. 

Iron.» 

Chlorine . . . . . • O'Oa „ 
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After purification by neutralisation, filtratioiy, etc., 
this waste liquor is made up as follows ;— 


loo'iitrcs water contain : 

Solid constituents . 
(<;) inorganic 
(/') organic 
Chlorine (Cl) . 
Sulphuric acid. (SOd 
Lime (CaCd) . 
Magnesia (MgO) . 
Iron (he) 


6‘o:,o 
5 'oS':' 
I -Sao 
o-vj'-'' 

C'-Hao 

I 


grm. 

1) 

11 


>1 


>•» 


The organic substance pres'-nt in in litres, 
e'.C'ressed in terms of pni.i'Mum |•■e!■nl.ln,^m,^t^' 
(KMnC),)=- rqq. 

At all cvetifs the chemical purnication o! w.n-te 
acid !i(]uor has been earned out on a Lnarc s^jh- with 

m, irk cJ SLKCC's',. 






rTTAI'TI'.R V. 

THE PROCESS OF ENAAlELLINr. 


1*111 clc.iiR'J tnidc wart- is further examined for 
accHlenta! ^)^lnse^, these heinn- remo\'eJ l'\- heating 
nut w'th a woo.h'ii haninier, a jiroeess now con- 
.Imlevi in the primip.il workroom of the ename! 
•work,. 

J iie loat'iip of the cli'.inevl utensil with enamei is 
done III .in firdance with detinite rides and m.inipula- 
• lons, .iiiil u; known as the “lavim:” ot the eiianiel. 
'riie wiwk'nen entrusted with tm oper.ilion are 
sailed “ e'la.m Hers.” 


'I'he art ('! loverino; cun onlv lie acquire,! i'\' loiitr 
praetiee, an.l requires intellipent, ediK.,u'd workmen, 
siiKe every kind ol utensil, however, ei tfeienf its 
sh.ipe, must he provided with the cnaiflel coating by 
a suitable rolling nioxenient. 

^ '1 lie^e* are distinguished the' so-ealle'd “primary 
• casting,” the first white, the scK'iid wii teor piaitect- 
ing coat, and lee* coloureai •e'namel eoatiiies. An 
iiiiniediatc eoverinc or cu.in'cllinn of the cleaned 
crude ware witn white enamel u- imjiossible, lor the 
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expansion coefficient essentially different from that 
of iron. Moreover, the stannic oxide content of the 
white^ enamel brings about a blister d.evelopment, 
since this oxide is reduced by the carbon present in 
the iron at the heat'of the inutili'. Jleiore the white 
coating the crude ware must tliereiore be pretvided 
with an enamel cover possess] nc; very definite 
chemical and pinsical j-ropcties. Tiie enatnel use%l 
is known as gnnnul-ename! /.■;//,i/,;,), ami iS 

essent'.dlv an easdv tusi!>le sub^t.l^ce, coloured by 
cobalt or nickel ovOe with a litile Iminn se. I he 
recpnsite amounts ot lIk'-'U o''.i.ic’s, m uiiion with 
borax, give to fl.e cj'oun.i-eii.iinel a iiHjn^ient ol 
expansit'n aj poxicii.-ig tin tc nes.r to tin.t of sn-.ct 
ittm. The s.ime ct'ii'j'osi!am minus cobalt oi u’-.krl 
oxide wovdd be u-cless. 

The search fora pronn.i-etianicl free fiotn tihcilt 
anti nickel oxi'.ie still remms a prt'bli ni t"r l!ie 
ex| ert, and it may be salt it asscileu t.hai the 
previtttis fornnibe f'lr such white |iniiiar}' enamels 
must be idc’ti as hmiibuj. 

In iccen! vears prtial sincess lias been reabsed. by 
replacing thejexjienbc'e cobalt o\n!' in the ground- 
cname! with Mie much cheaper nuke! o'’dc, but 
this requu'es i ireful attcniion, aui! the einuiul so 


prepar'-d is .nler.or 

to the ob, 

dt o.niu p-nmarv 

in stability and clast 

it by. b’or 

hi,an c Los w .01 a 1 

gr(...r '-e.nan.el ctdoureii by cobalt 

oxaie is tlierclore 

eni] love i. 

4 


I'he gro'UKi en: m 

i 1 should he- 

t.iuT' dilute ojO 

per cent, watcf) and i 


i, and the primary 
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coat'n^r should be as thin as possible. A small plate 
of sheet metal coatoii with ground-enamel should, 
after the burninu; in of the enamel, be capalrle of 
being bent without the ground-enamel chipjnng off 
at the edge of (he bend. 

The average output ol a man working with the 
ground-enamel lies between ;oo-yoo pieces (150- 
300 kg.) for huge, and from 300-1500 pieces 
(coo 400 kg.) for small utensds, in the course of a 
ten-hour tiay. Naturally, such numbers are sub'iect 
t?) great fluctuation, when the iiiany \aricties and 
si/.es of utensils are tadten into account. 

The vessels co-’ered with grouiui-clianicl must be 
rapidly d.ried, and for this pureosc s['ccially con- 
•structed staiivis are used, which are lieateei by steam- 
pipes, or !!iorc generallv by the hot gases from the 
muffle lurnaee. Should rapid drying be omitted, 
then rusr .easily develops, and the damp wares 
then cxhdht rustv-brovui stair:- A moderate 
adiiition o' borax freraiyntiy preveic fids partial 
rust formation. In the case of groiipJ enamels 
used tor cast iron or for matts the --ame treatment 
serves, yet in this case only borax which has 
been prevMuisly fused and dissolved in Imt water 
is added. 

^ Carc^uust betaken that wares C('ate<l with primary 
tt'amel show no diamaged nietalbc olaces alter drying, 
since iii the sul •.|■qucnt firin;:* rhese places are changed 
to ferrous o.dde .tnd so give rise to faulty goods. 
An arti>,ir*carefully covcicdi w ith primar\- enamel and 
then fired forms the Oasis for future .treatment. A 

(S 
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covering ground-enamel prepared too concentrated 
is equally as bad as one tt'o dilute. It is the 
business of the enamel master to be coin'inced 
repeatCj.llv during tlu' ilay of the eoiisi'.teme of 
the ground-cnainelj for, should this be too tusible 
relative to the next coating, then a blister lievelop- 
ment in starry form will be toumd on the (misiied 
product. 

The intmduetion of nrinind enameK prep.are * 
from new formula' should be c.mtiousl}' mad;, since 
nothing can end.iitger the trade or infiivt I're.itei 
iniurv on the owner tliati a ciir.cless, haot) ititporta- 
tion ol a new ground-enamel. 

The weight of gn'un.l--e!;.unel liCLts'-iry for i kj. 
futie ware, suppose.! to be ol .iveraut metall . 
thickness, varies from ho- ict, gr*'*-i ^ o '' 

cent. The firing of well d.ried groui.d-c nameih d 
sheet ware is conducted in tlv mutile lurn.ice at a 
temperature of 050 rr-r; C., correspondhip to the 
varying eomptjsitior. of the prciund enamels m 
the diflerent works. The utensils, on being coated 
with groun.l-enamel, are subm.ittcii to a more see ere 
hurniiig in tha 1 that given for the next covering. 
Tin- bortv, wkich is pifesent in ample'proportions in 
the groin d-enatncl, reCjuires a fairly large amount of 
heat to l-ecome a mobile hquid, and so taiiu' in¬ 
timate!) ..'ith the met.ii. 

eVter the bring of thj wares coated with ground 

enamel, tne next opi iaticai is the enaineii'.ng with. 

* # 

white enamei In th,e c.-ise of many ifi^xpeiisive 
Wtees only jije white coating is jnit on, but the 
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majority require a second. At this stage mention 
might be made of the circumstance that the great 
expectations entertained by the introduct^n of 
-methods having for their object a singU' white 
coating have only been partly realised. 

Every expert who, without wishing to deceive 
himself and others, would follow his convictions, 
must confess the unsuita.bility of the so-called single 
white coatings for special qualities of ware. The 
single white coatini;, since it must be laid on 
thicker to be sutficiently white, causes an average of 
20 -30 jicr cent, in’ repairs or patchwork. More¬ 
over, the cover . will have his working capacity 
Jiinireil, and in reality will produce less than if two 
white coatings were put on. The patched wares 
generally rccjuiie a further firing and another coat¬ 
ing, so that such utensils are often uniavourably 
distinguisliT.'d frc^n other wares by their multitude 
.)t coats. 

On the other hand, 't is certain that inr export, 
where oiten the tax is reckoned accoixiiiig to the 
weight and; low price attached to w.ires which have 
only iaeen whi^c enamelled ome, thcn«.vl!at is lost in 
beauty is gained in the solidity consei]uent on a thinner 
enamel layer, since the thickness of the covering has 
« gre»t*;nfiacnce on the durabilit) of the ware, for 
The quality is inversely proportion,d to the thickness 
of the enamel i..ver, and diilvily to the cross section 
of the shwjt metal. 

For eiumeileii haiahvare the following data of 
enamel consumption koKl good ;— 
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The prounii coating amounts to 
The inner coating of white 
charnel to . 

The wutcr asphalt painting to . 
And the loss on etching to 
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enamelled border, which is prepared either after the 
first or, in some cases, only after the second coating. 

A neat border gives a pleasing harmonious 
appearance to the ware, and therefore too ivuch care 
cannot be exercised in its preparation. 

Whether the so-called border or “ anrollen ” is 
made by hand or by rolling the utensil on a plane 
steel slab, depends on the respective works’ routine. 
The borderiiig by means of a steel plate is ir ide in 
^a thin layer oti the blue or black enamel, and gives 
a faultless edge. 

The drying of the utensil enamelled lii white or 
blue has usuallv .0 take place slowly, without the 
aid of a special source of heat, in the air. On 
the other hand, the w'lhte enamelksl cast wares may be 
safely dried on a mo-ierately heated hearth, and during 
the process every kind of vibration must be avoided. 

It may* be us^iatly accepted that enamelled sheet 
wares are stable against r.ipid tem:>erature change. 
Thanks to the present positum of enair.l technique, 
the preparation of a really durable ware is thoroughly 
understood. Where, however, a small capacity of 
resista’ice against abrupt temperature liiange is found, 
this may be traced to a variety of causes. The 
cover enamel must, under all circumstances, be 
• suitiFiife h r the ground, just as the crude ware must 
*oe carelully ] repared, in order to obtain the correct 
tension, cspeci.illv at the ITa.w of the utensil. The 
basal ct*^ve of a lorgc\! titeiwil should" be as round 
as possible, since thetensiem diflereneesare expressed 
usually at tl-e cenir/ of the base. With respect to 
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this, a new process of a well-known enamel firm 
deserves mention, who attain an increased stabilit;^ 
of thC'. base liy pressing in the centre diagrams 
standing- in relief, such as trade-marks or sitnilar. 
impressions. The diameter of this relief shoukl 
usually amount to one-seventh of the b.ise. This 
idea is at all events worthy of note. 

The total amount of enamel required by the 
finished enamelled sheet ware depends naturally on 
its si/e, and is usu.dl}' eepressevi as a perrentage of 
the final weigiit. 

'The followiii”: table shows the' van ing percentage 
enatnel content of utensils oi varying thickness ;— 
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* Siiict' most of the saleable utensils arc prepared 
from slieet tnctal of O'^ 0-5 mm., the usual quantity 
ul required, amounting to C5-30 percent., 

'i= i.ileuIateCi on the final weiglit of the object. In 
j'lMetnc the true enamel consamption is really 
Creater, in e(n<‘.equenec of the unavoid,able loss 
d;ur;!i^ the transit of the powdered enamel to the 
(o.iting saucer, hut chiefly during the covering 
(qv'.MiioT, itself.* The (ibject in .dl firms is to reduce 
I ! .1 ir.udmuni this over-to’nsun,; don of enamel. 
The w.isli-w.iters from the separate en.idng saucers, 
as wrll a-, other etvamei residues, are collected and 
caialulK separated according to colour, in order that 
sc',me may bE directly used again a ft/r careful sieving 
iejf tite first white covering, or retneked in the 
!un,.'^e and, avld.ed to the colour enamel mixture. 
Ortv 1 .', noting exactly tiie enamel entry, and com- 
p.uiii" ihi' ' ith the month',c pro.luction of enamelled 

' *' • 1 

w.iu wi!' one be .diie to determine the true amount 
of en:i!*<e! cons',mp,tion* an I be in a position event¬ 
ually tu put .1 stop^0 waste. 



CHAl’TKK VI. 

FlRINCi THE: ENAM15LLE3I) WARES. 

Tut, so-cal!c\i bur'iincr in or tiriiiit of the cn.initllfil 
w.’.rt's IS conb.uctcs; i:i the miitHe, .iiivi has for its 
obiect ti'ie ftiNion (b the enamel toatin.;. 

It has been nicnt'oiKil that tiic inirn:!'” in of file 
grounb-enaniel takes pLiee at a lil^h teinoe! ature 
(950-1000' C.) an,i rctjuiies an averaoe tune of 
3-4-b miiuiles. 'I'fie whi'e eoatino ami also the 
blue reijinre a soniew'nnt lower te;i;orrat ut e (about 
Hco-iSyO C.) . s,i a ohi^ation of ]}, 4 minutes. 

Ily an I'minbcient furn ice rem; e r.ii ore, or Jura¬ 
tion of urn:n4 iti, t!ie ware Jeterior.ites in 
lustre. 

At ti ■■ hiei'i 4 tciii;'tT.iture the white enamel will 
become g.'.tsst, b?se Its I'lMCiti, am! .ippear eonimon. 
The propeic, (if stamr; o-ije m provlutmg oj..:cify 
dcjic.'iJs on the t.ut that, at a temperature up to 
4:/'.. , 't remains fii'ch siispemieJi in the molten 
ena i.el ■i''-irui .iis' olv but .at a higltei' tempera 
tore } iitial sifl;i;,,'in t .k'[J.ae, witli the fi^-ni.Uton 
of tin , Inan, whuh ..luses J.e white enamel to lose 
its covei ii.p ; .ow«r. 
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The modern furnaces liave a muffle length of I'^o- 
2'50 m., a breadth of 80-1 to cm., and a height of 
"70-95 muffles are composed of several shaped 

'neces or form single plates, but the latter jre less 
worthy of recommendation. Double muffles, viz. two 
nuililes heated by the same firing, are generally dis- 
aiiv.intageous, since in case of repairs the first as 
well as the second muffle must be thrown out of 
action. 

Aciordinc' to the mode of firing, the furnaces are 

• ' ' 

distiin'uishcd .IS direct, semi-g.is, or regenerative. 
Witli the increasing* price of coal, direct firing is 
absoUilelv un]M-()l' .tble, since a gre.tter part of the 
beat js di’.Mwn aw.iv unused into the conduits. Semi- 
L>,.is tiling with eteppckl, plain, or fissured grates is 
most trustwortb.y, especially in works of average 
size where the heat is drawn away for use at the 
drying he.irths, ^ 

Regcm I'ltive firin,g is, liowei^cr, v.dhout a doubt 
tlie bc-.t, because it is tc dmicaily the n, ' caunplete. 
Tile fuel in the generators is tiMnsformed. by in- 
complere ■ iisnllation info c.trbon monovide, and this 
combustible gas is burnt iminedia tejy to carbon 
dioxide in the conduits of the mutt’.ifby union with 
the picviouslv he.ited air. 

• b'oik !h. r.iti.mai currying out of the firing, the 
Ttpc.iic.i analvsis of the gases at the pl.ices where 
genciMle.l, w/. in the geneiUt.T as well as immedi- 
aieb m 1^)111 of the pl.ue pf coinbustion«(and there¬ 
fore I'd tre union with ti e combustible air), is 
absolutely n-xc-s,uy. ^ This analysis,* together with 
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tho. examination of the conduit gases after com¬ 
bustion, afFonis the most certain guarantee for 
propir workinii, since it prevents the waste of coal 
and ex^'oses delects. .. 

It is ini|''ort.tnl 'to know the content of carbon 
dio'ivic an^l vari'on monoxide m the Lets. Carbon 
iiio'iovid.c vanes irom ;>:■ to per cent., while 
.,'oodi oc’uTator gas should not contain more than 
''percent, carbon ciioxicie. d'hrough manyL'cner- 
.iti'i's ste.iit'. is conducted lo.r the purpose ot olitatn- 
' ij an incrc.i-'C o! temt'crature due tej the partial 
l.irii'; -t.' 'll ot vater g.is. 

In id;-. c.i'C ti.’' c.is slioiil.l contain ;— 

}!\dro;en . . . up to : - pc'- cent, • 

L,i; hi. I nn .;n ■xnte . . 

„ ciu'x- ;c . . -t-i.; „ 

Metisinc.„ 

'rhe' droc^riioii.s .'.re o. bioin ptc'.cnt in gas 

Id ! - cell "tb, ;.i'. tile eas after combustion, 

shoid ' .,1, 'eh ir I'l j'er cc'iit. .noon dtoxicie and 

') e'l. 

'riie cvei te':;; c:,iru’-e of the g.cs produced 
Mtric'. o-h I! I ‘c' . 

'i''a ' 's ,0 ib'.'s is ni.)s; approi>ri iteh* ^.irrie^l 

out ''.h'd an t,'i' .t or ()i .u X- hw u kln'ilc i poital 4 * 
, j 11 ■ us. I'iii- 'possosi c three .ili'-or[ition 

\ thwfn'st bcinn iuii o! caustic I'ot.n.h solution 

(op,, .'f. I tp lo tre .li'-orption and determina¬ 
tion 'd tile .cari'on 'io.\idc\ content , the second 
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is filkd with mixture of pyrogallic acid (18 gr. 
in 40 c.cm. hot water) and caustic potash (sp. 
!.>t.= i- 28) to uhsorh the oxygen in the generator 
pas; and the last absorption vessel contains 
a cii'irous clilorivle solution ‘(;55 gr. cuprous 
I'hloride 4 200 gr. hydroi.hli)ric acid and 50 gr. 
of sheet eo|iper turiungs) to absorb the carbon 
monoxide, 'I'he manipL.le.tlon oi the apparatus Is 
'iniple, and the analysis performed in a few 
minutes. 

(i.e, .inaKsis should gencr.dly hnd an extensive 
.ip- la.iTinn in our iitdustry, and up to the present 
tins has been the i se. 'fhe s.iving in coal realised 
hv a welbregulatcil iiroduction of generator gas is 
\'ery mip''r: int. 

.\t this slaje a few words must be said concerning 
another i,n',,surin'' instrument, the use of which, 
for cnnlr-.iiii’j the furnace tenu "ratures necessary 
in a ni'vlen t.n'.ore, is ind.'spensai\e, ’] his is the 
p,r,tjiR'ter or ther'>iome'"r. 

Distimtion must he made between the water 
pyrometer, V !a\ pyrometer or “ segcrkcgel,” electrical 
and optK.d p\ronieters. ^ 

The St gerlscae! (cl.iy pyrometer) ‘consists of a 
small bakeo Jay cone, which, ct'rrespondmg to its 
v-irying'* eo'iteni of .dumina and silica, melts at 
-?f’.tlereiit temperatures. In the enamel industry, 
where tlie temp r.itures emph'ycal vary ironi 800- 
1; C., (Ja\ p\Tometers h'om Nc's. 01 to 0 (' are 

chietl)’ usc!i. 

The cunncetien bt^w.-en the nuipber, chemical 
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composition, anJ temperature is given by the 
following table :— 

t 
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i'., .-.cr,, expensive. In n speti.il cl.iy vessel 

a sir'C"- (f c!*'’ pyrometers arc I'l.iced, somewhere 
in ! ciV' :n *he fusion points of tile extremes of 
wi'ich till- tenp'C'i afire is l>cheved to be, *a 4 iil tlj^- 
pa’-‘\i'lar erne v. liiih ineits alter half an hour tT' 
note !, i rom the nmnbc! ot tlie eone the tempera¬ 
ture fie'''--'J»t 'S ol't '.I.e 1. ^ 

.'siemens .uni fl.iiskt 's ehatrioil pyrotneter, “ Lc 
Cii.'.t.tiier,'’ 1' B'ore i,-iee,i!>Ie ni.unpuiafe. 
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The most convenient of ;il!, and the one from 
which the temperature may most quiiklv be obtained, 
is the optical pyrometer {lunette pynmetrujuc) »con- 
structed by Von Ducrctcl in Paris. The prmciple 
involved is the property of a shining body {c.;^. 
the red glowing mufllc) to give a sensitive colour 
which may be denoted by a certain angle of rotation. 
This angle varies accordiiiig to the composition, i.e. 
colour of the light, and therefore according to the 
tempera! lire. Tlie anitle of rotation corresjionds 
to the angle of the incident ligi't of a glowing body 
upon the plane of J'olansiition of a c]uart/, disc. 
This apparatus, ir the lorni of a s.niall telescope, 
renders rcadly and satislactory se-vue, the mufile 
temperature lieiiig read almost ecactly ii; a few 
seconds. The point of the app.iratus is set at zero, 
and it is turned while observing the glowing muffle 
until tlic appearance of tiie rose tint. 

.^fter this slight theoretic.d devia; >" we turn 
again to the hung of the enamelled slieet ware, 
when the iollowing might he mentione.l n-- 

It wdl always he assumed that thi; position of 
the fuel cli.imbers is under and aboSt the mufile, 
and that th.e combustion or union, ol the gases with 
a^r tak*-s*pl:' e as far as possible at the fore end of 
The furn..ie. Where this is not die case, we sh.ill 
see that the rca of the nuiffle will be overheated, 
■and the jj'ont part undt^rhe.itcd. 1 iinjcfore the 
rear set oi*warcs Ic; be tired w'di be finished instantly, 
. while in front li.c ob^efs placed these will not be 
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fired sufficiently. Such an arrangemenl will natur¬ 
ally not suffice, aiu! there will he incoiu'cnlence in 
coiwquence. 

Oud wares suffer a lieformatinn on finiiLr, which 
must be set rit^ht .igain by treatment with ,a suitable 
shape. The operation is known as “Stc'issein” 
(pestling), and must !ie performed inimedlateK' after 
firing, since the enamel Itas still a fiery gliuv and 
will therefore yieli. .-Ys substratutn lor the for/n 
of the hot detormed. o''iei.ts a perfectly smoor'i hori¬ 
zontal troti slab serves, upon whtti) aii a'.bcstos plate 
or a woven asbestcis cloth is spn.a;l. A •■itppli.inctit- 
ary shape of the fired enamel e.'.st \v;irc is itaiuially 
impossible to I'btam, as well ;is iinnceess.ii)'. 

The enamcllevi e ist requires Itaan ic it mituite's 
for the proper burnine; in cd the white ce.i'iit >, 

The outer Mack, tarry ajqtcatance riuiain' so lono 
as the ware is underheated. 

d'hc assor'^’stent of the wares to lie n-ed should 

K 

always take place inimcaiiatelv it) ol t’ne 

sep.irate ‘ .rnaccs. 

In eveiv well tondmted woprs whah ilepend.s 
princii 'lb on hat: i lai our rite unavoai.'dde waste 
should not e.'.ceed, fi-~ per eei.t. 

.■\ too strut superv ’on hi oiaier to re luce tile 

unavoi iaide waste still liiithe' is ui.y-.u tif.ij, stiise 

• # 

the es-pcf’.se attailied to it stands t/i no nlaiion txt- 
tlie j:. 1 'eipnred. 

'Tile p^ihlem derliiig with r.itio-al ii^eihodS lor 
reclatmitig tlx; cn ie wa'a trom waste* enamelled 
goods Can scarcely at the pA.seiit tuiu be said to 
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have been solved. The enamel is removed from 
larger and more valuable pieces, esjiecially cast Wi'res 
such as oaths, by means of the sand blast. ,The 
removal of the enamel chemically with fused faustic 
alkalies has not up to the present provei! satisTactory. 
More imj'ortant progress in this direction appears 
to have been achieved by a new patent by Gustav 
Spit/ of Brilnn.* 

1 he (dijcits from which the enamel is to be 
renH'Vei.i are collected into a closed boiler and i wated 
aT a definite tem[>erarure under pressure wuh an 
aikaliiic or aciil solution of fiscal conceiitr.itiou, 

file object iiom wliich enamel has been removed 
nfty ite re-eii.inic!led. The cxpcii'ive enamel 
^.onstituents may be rechni'U.l ftom the solution 
by veil-known cheinical j'lrocesses for regeneratio’i 
of the \uuer solution. 

d’his process aciuallv ttivt’s pood results with 
many firms, works econoiii\Mllv, a.. ’ appears to have 
succeededi m solving the tjuc'-'tion v'- • the 

enamel satisfactorily from the waste a 'csb by 
etotiomical means. 

A Few Remarks on Mistakes in Manu¬ 
facture and their Possible Clauses. No 

branch of m.anuf.icture is dependent on such a number 
of lacftics for success as ih.e c'cr.unic iiulustrv gener- 
.?l!y, and me enamel industry 'ii particular. With 
the be.it of int ntionsand thi^gi catest in.lcfarigability 
and expc'-icTCc, novel qncstio'is, iresh phenomena, 

» * ' 

* r». K i. Ni r7i'',30o, Ki. ‘i 5. ana forcitni patent: 

“ [‘lOccsT foi the n'liuica! oildiianul Irom enamclictl objtMj.' 
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anil new problems arc continuously presentinjf 
themselves to the expert. 

From the evidence afforded by the most complex 
errors' their cause cannot be fixed with certainty. 
The industry is unfortunately alwavs depmd.ent on 
too many conditions, vi.'. the quality o! the sheet 
metal, the r.tw materials, the water, tiic construction 
of the furnace and temperature, on the healing, 
pickling, and enamelling, and fin.illy on tlie com¬ 
position of the enamel. 

It is sought, below, to bnns m .i t.ibul.ir lorni 
the most important iadurcs ,n eomu-'. t'on v,".ii rhe.r 
possible causes, out the autlior 1- will .iwarc id the 
insufficienev and subjeitivitv ot such a w.-rk, I iie 
natu-e of the tiaws 's ascn'vd by d. ffereut < '.isrt . to 
different causes, co'Tcspsin j,;i^ to loial relitions .ind 
individual expenciiLcs. .d umiorm i.iw .ioes n it exist, 
but at all events the t.ii'lc simuld icn !i_r scrxnc b\ 
the compari" ri of oiiscrxxuo.s’i- .ind inve'iio.itions : -- 

1* ,• t Mi's t, ' 'f 'll i': I 1 It !' ' b. i 1 .. 

j ■ u.',; i ■ '!'■ ’ v.■■ 1 1 *..'i ! 

' j)fVfio I ,h , ! i, 

' -Fill h f Iut.i ' 'I- j i't 

li'.r, ; I t- , 
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This tnblc showing the manifold possitdc mistakes 
is capable of further extension. At all events it 
cmpl;.isises the indispensability of absolute cleanliness, 
strict sajitTvisiun of all the materials emfiloyed, and 
the thorough control of each separate stage in the 
process, even to the most minute detail. 



CHAPTER VII. 

THE DECORATION OF ENAMELLED 
OBJECTS-ENAMEL PAINTING. 

Si NCI', the process of eniimellinp has no o'-her purpose 
than to prrn-'iii’ an oh'icct maiie from sheet or cast 
ir*)n with a covering similar to porcelain in appear- 
*nc(,il is oinioiis that the enamel iinliistrv is not 
liimteci to covering utensils with one or two colourcsl 
enamels, hut that attempts have also been ma-ie to 
utilise the, secrets and art of porcel.iin painling. 
The process, from its n.iture, ti.e- capable ol adaj'ta- 
tion, ami so it seemed desirabk 'h-it the white 
j)orcelain-hke enamel surface tif a utensil should 
be decorated and painted. This new’ branch of 
enamel painting, a section of porcelain^ [lainting, has 
been lor a lonir time the olijecl* of assiduous 
exjierinient and indefatigable care, with, however, 
Lontinii(?cl success. He who has ojiportunity to 
admire the often aitistically tin sued and decorated 
enamel wares in the show-fase, will be entranced 
by the vttfiety of the design and the JSstingtiished 
inipressioif which many o' the decorated articles 
convey. 


■>9 
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J!n i^encral we mav distinguish in the modern 
occupation of enamel painting three modes of 
decorating enamelled utensils : the exclusive hand- 
paintinsu: for especially high-class wares, d.ecorating 
hy means of transfers or impressions from etched 
steel plates (the so-called reprintitig jirocess), and 
tinally the air-hnish painting (Sptirzniu/i-x'i). 

Iland-paintintr in its artistic form is emi'loyed only 
for expensive articles such as toilet services, etc. 

The preparation of ceramic transfer pio.ures is 
snmiar to that of chromo litlingrapfis, using enamel 
colours. Chronio-lit!iogra;.'tiic impressions are trans¬ 
ferred to I'ai'Ct, and sMice these ’pictures on tratisier- 
ence wouKi ad.here baddy to the en.inu-l surlace, it is 
jirovidcsi with a ihm (uaiiiig ot cullojMni, whuff 
disappears when burning in tiie jveture, 

h’or a long time, in porcelain ,ir.d enamel painting, 
the technical nuthiKl used lor^ prodnumj toned 
coloured s. rlaces w.e^bv covering tiie enamel colour 
’.vith linsccdi and Livender oil, ,ind shading away 
the'--,. o.rfaces by means of a linen 'pad, and this h.is 
in ’ater vears found an iiicrca’cii use through tile 
disc wry of, .ur-brush painting. The coloured 
enameis corre’spon iino to the best oil colours, 
whi.h hav^ bemt very tinely ground, when 
moi.>t. are tlirown hy rneir s of air prcssitrv Iroyi 
the tube of a tpnu diftuser. In this way expen- 
sne . nl.iuied sur* ices may be reproduced by a 
s mple nm^od. ^ 

Bv us- 'g- p:itt,,rns made by,spray paintiiTg effective 
dec'oiatlons art proo .iced. 
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The colours used in enamel painting consist,^ as 
a rule, exclusively ot an intimate mixture of natural 
metallic, oxides (cobalt, nickel, chromium, manganese, 
copper, lead, tin, uranium, and cadmium oxides) or 
metallic salts, together with the flnxes. 

The flux material, or simply flux (known as 
FonJiini), is nothing more than a very easily fusible 
flint gl.iss or gla". of similar composition. 

The fluxes fretjuentlv contain lead, since lead 
compounds make possible a fiery, gloss],, easily 
firsi!!le flux. Since (he colours for decorating 
purposes are oidy used ior external oriiamenlation, 
■uiv iLingi 1' due to the use of le.ul flux is excluded, 
i^evei-thcless, .i lead-free flux is very largely em- 
pKn’ed at the (nesent tune, 

Tfie flux must liave a composition suitable for 
the various >.olourt\i liodies. 

/'.'.e., an easily fusihle flux :— 

Flint .... 1C- parts. 

Ifed lead . . . . ^ „ 

h'.ised, borax .... 4'- „ 

For blue aik] iron red colours ;— , 

Red lead . . • Tt-So parts. 

Sily.i . . - -5 11 

Farmine flux foi car’nine ijinl purple :— 

1' parts. 

V 


Kent Jead. 
Sd’c.to 

l-'u-ed borax 


ti 5 '> 
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For chromium yrccn, liluc-grccn, etc. :— 
Red lead . . . -73 parts, 

'dilic.i . . . . . i8 „ 

Bo^-ic acid . . . • 9 » 


Examples of an I'niin.irv lea ! 
Mint .... 
Saltpetre 
Stannic oxide 
i )r 

Silica (pLirt w hilej . 

Ch.ilk .... 

B'liax .... 


Irec tfux :— 

. yo parts, 

• “'5 „ 

• 4‘0 » 


. (> ■; parts. > 

• - 3 '> 

• '1 lx-' „ 


The flux is first of all mehe.t in a crucil'le, iiiieU 
powv!erc\l, and citoiind in tiie dry mdl to^-'ther witl' 
the coioiir suhstan. es. 

d’hc adilitlon of coloured bodies to tlie flux is 
made in var) mu proportions. The ma|oritv of tlie 
enamel works obtain, the enamel colours lemly lor 
use from special Arms, a method more worthy of 
recommendation than the prejciratlon of these bode.es 
in the wa-rks itself. 

Tne firing of the decorated utensil requires much 
care and experience, and the decoratio'n of the ware 
should take place as quickly as possible, for If it 
be stored t('o long, them on tiding a blister develop¬ 
ment may possibly t.ike place. 

Regardin'.'- further* artistic operations there 
remains lil^ more to be said, since thet^ are too 
manv and various, arid, nroreover, are depi.ndent on 
the ta- 4 i- a,id e^xpcrieiice of each separate worker. 



CHAPTER VITI. 

DECORATION OF THE ENAMELLED 
WARE—PH0T0-CERAMIC3. 

Till, intimate relation which exists between porcelain 
aiki enamel juintino, as exhibitet! in the produaion 
<if artistii eflccts by almost identical means and 
■* incthuJs, snpeests the similar production of photo- 
prai'hs capable of lieinp- burnt in on enamelled 
ohjei.t'-. This kind of ornamentation has come to 
be a spciial branch of our industry, and deserves our 
closest attention. 

The I'reparation of photograpiec coloured pictures 
cap.iiile oi beiiiLt branded miefs with little (’ifiieultc. 

I'sn.illv tliree jirocesses are distinguished, but in 
prai tiec tile iir.st is almost entirely used 

1 . Process using chromium salts ; 

(,;) The dust process 
fdJ.rcv), 

(/') Tile ]''gtnent process, 

(i) The light printing process ; 

^ 11 . Process using iron ehlonde ^ 

111 . The substitution process. 

101 ’ 
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The dust process, which is the most important and 
generally used, will now' be described. 

Thi^ process W'as invented in 18 59 by two French¬ 
men, Salmon and Gamier, on the principle that a 
mixture of potassium bichromate and gum, albumen, 
gelatine, etc., wliet\ exposed to the influence of sun¬ 
light, becomes insoluble. 

On a glass plate covered with such a mixture, those 
places which are protectedi from the .iction of the 
light can retain a colour powder (in our case, there¬ 
fore, an enamel colour) when scattered oxer, while 
the ilUiininated. sputs arc not so' capable. In this 
wav, Inmi a positive phntngr.iph on glass pre|>ared 
in the usual wax', a po-ifixe impression m.ix- lies 
obtained in enamel colo'urs, cajiable c'f being 
buna in. 

Six operations may be distinguished ;— 

1. A glass plate is covered, xxi^h the mixture 

(Jiroine gelatine) sensitive to light am! then 
drieu. 

2. d he plate is exposed to light when under the 

posi'ovt. 

3. ’in - ;mag(?js rcnderedi visdilc by fusible colour 

'powder. i.(. devehga'd. 

4. it 's covered v.’itli Cvilloiiion, treated, with 

.d.kaline w.iter to dissolve the chromium 
compounds, and <ransferrcd with the collo¬ 
dion laxer to me enamel rliite. 

5. d'he ctfuodion renio'vfvl by solution. 

fl. The ii .age is then burnt in. 
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The chrome gelatine is prepared according to 
various formula'. A cold saturated solution’of 
potassium dichromate (100 grm.) in water ,.(300 
grm.) is made, ami allowetl to cool. • 

I'urther, a second solution is pre'ji.ireil from :— 


Water 
(irape-siujar 

(lum aniiiis 

I loiK y 
>tigar 

(i' \ s( rine . 

.tUolii.l 


. I 1 . 

. 50 gnn. 

• • 5 '-^ 1' 

• 10 „ 

■ -o „ 

j 4 ca . in suniiiier. 

I ; s.s. Ill winter. 

. . {o c.c. 


I'loih solutions are c,ire(u!l\- lilre’cdl, .illowasl to stand 
sc\'era! h'Uir^, aiui ih.e cle.ir uj'['er porrons poured 
ot't' into clean hfitdes. 

Imnu'd.i itelv helore use (hut tint earher) 100 c.c. 
iron) ihe'^tii't lioftle are mixed with ;,sO c.c. from 
tile s'.Cu.,,!, and the tiiixture kept uj the dark. A 
!a’';;er tp.ianiitv is not prepareil than vwll he required 
.)ii tile same dav. 

A sew'ti.i formula for the preparation of a fluid 
sensitive to lietu is tiie lollowmu * 


Water . . . . 

.hjigar . . . . 

(ium arabie . 

I’otassii m dlchromatc *. 


too c.c. 
to grm. 

I o 

I1) 

4 " s jj 


* (I'arm and Avtnard, the W''!! ktiown l-VeNch photo- 
(.er.imi'. experts, presi nlw ; ■ 
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I Ob 


Water. 

too e.c. 

* Gum arahic .... 

5 

^upar ..... 

10 „ 

S.tturated solution of ammonium 


fiichrom.ite.... 

25 c.e'. 


In li.tinp wc.itluT a little ^r.ipc-sup.ir is rklilcd, and 
in verv dry weather only 15 c.e. ot ammonium 
hie hrotnate. 

I'Or l iass [dates, on wliit h the ehrome ueLitine is 
jSHiri.i, (iiil)’ ['late-U'lass is used, the si/e of wtufh 
must alwavs he smaller than the'['osui vc, in oriier tn 
avoid, fraeture !>y evpansion. The plate ydass must 
he most earefuiiy ele.uied. The solutioti is [loute*! 
on in semi-d.arkness, tiie [date hema hel.i iiKhiud.. , 

I'or drt ins pm poses the pLte m la\l Ujaati a thiek 
slieet-iroii slab, ahout 11 x ac ein,, whiJi staivis on 
tw'ei feet of ly e.m. and two ot 20 etn. iti heipht. 
Und.erne ith a si'int lamp is plaeeli, aiiii ‘ihc whole 
warme i eaiatuilv f< o'le or two minutes. 

Tile e vposiire under the positive takes place in the 
usu. I 'O', inp frame-, the plass side (d the semiiive 
[date lie 'ij L nderneatii, Ih'/ fine ol txjxjsure in 
'lie su', !s ', -1 minute, y -io rninutem in the sha-.le, 
an i he-..' a [ihotometer may he useei with advantape. 
7’he !i, lit incitlent on tlic chrnme-pedatinisr.i plass 
[late i.iaiers these [daees insoliihle, and thereloit- 
th'- tusii le tolo'ur pow.'cr stre'Wn over hv means of 
an arisedutele- dr-, .innh will not adhere to the 
exjio-.ed (^’ees. 7'he shorter the- time of^ ex[>osure 
the like Vviil he the pieture, this hemp the-exact 
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opposite to the silver chloride process. After 20 
to 30 secomls’ exposure a veil of moisture forms, a 
sign that the exposure should soon termin.ate.' 

'rile oper.uion is best eoniiiicted in bro’ad day- 
light. 

By sprinkling the colour powder the image will be 
slowly developed. 'I'he colour is spread over the 
)'late several times by a brush, and no loose particles 
of colour must remain adhering. A correctly 
ex|)osed jiicture develops In’ degrees. Through 
insufficient cxpo'.ure .ind hunud.itv of the materials 
a snie.irine of the picture may take ))laee. 

Tl'.e picture is then w.ished to ddssol, e away the 
'sohibie ciirorniuni salt, and, in order not to injure the 
picture, a exit ot colloduon is g.ven to it. After the 
developiim process tlie ’picture niav be retouched. 

'rite transference of the image to the enamel plate 
is perforinc.i bv tiic aid of leather viscose (l litre 
colloddon and. a j c.c. resume.,, odj. The picture 
is c.ire!idlv freed liom ciust, the ' re'pared collodion 
poured upon it,tlie u.cture lifted liy le.c corners,and 
the c'l css pl.'te laid in a d'sh with caustic potash 
solution (: per cent.) until the jellctw coloration 
has i]uite dis-.rpj'C.ired. The picture* is placed in pure 
water, wiiiclt is carefully changed twice, and to the 
last w*iter a few drops of nitric acid are added to 
’prevent the develojuiteiit of disiurbing air-bubbles. 
'I'he pictii IS lu.v. tramuehred to the enamel plate, 
allowed,to dry, and then i'unit in carefully in the 
mulih t^iinace. 

Should thc-im.it’e be tr.insfcrred vc^ith the eoHodion 
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side ,underne;ith, then a reversed picture will be 
obtained, so that when preparing the glass positive 
allow.irtcc must be made. (The negative is placed 
revcr,sei.f Ml the copying camera.) 

If the picture lie?; between the enamel plate and 
colkxlion, then the latter is dissolvetl by means of the 
following mixture ;— 


Alcohol . 
hither 

l.avcndcrod . 
rurpcntinc oil 


50 c.c. 
50 „ 

.1 „ 


l''or(.o!iiurs the oriiunri' cci-iilv fiisildc cii.uikI ^oIouis 
.ire LC'Cvi. 

The second process, the process of sprinklbig with 
iron chloride, is distinguished from the former in 
that the layer sensible to light becomes hvgroscoj'ic 
on exposure, and therefore the enamel colour adheres 
on the exposed places. ^ 

Poirevin offers the following formula ;— 


Vfater .... lorie.e. 

Ferric rhlori^lc . . logrm. 

Tartarii* acid . . . ^ 

• 

The expasure lasts ^ 10 minutes. 

Finally, tlu substitution process consists «r^ the 
production of a posit.ve collodion picture according 
to tl. • ’ 'gatic.. to be copie*d, and in this, by treatment 
with, cold, platinum, or iridium chloride solutions, the 
silver lx icplaecd f, siii>sti*tutcd by anothev metal. 
Further particulars at" to be found in Dr I’aul 
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Ed. Liescgang’s h'usihk Photogrdphic Colour Pictures 
[^Photographischc Uchmdzfarhenlnldcr'). 

The photo-ccrainic art occupies in many senses an' 
elevated position. After some pr.ictice the 'produc¬ 
tion of relatively inexpensive ena’mel pictures capiahle 
of resisting wear and tear may easily and quickly he 
performed. 



CHArTI'.H IX 

STATISTICS AND QKNGRAL 
INFORMATION 

The ennmelling of sheet aiul cast wares is almost 
txclusi\'Lly pert('''’neil hv h.inJi i.i'ioi.r, lii, •■i.uwl'.nit 
application ami inaiuial tiexttritv ot the v\orker. if 
is a fact worthy of note lliaf iiatioiw calhil j'rn 
g-ressivc—that is, who follow' cultiire J oci. iip.itions am! 
hav e an nmleniaMe inciination for inveiitum .mo iiuliis 
trial activity—possess an in.reasiimlv small en.imel 
iiulimtrv. The sni,illn<,ss of the en.imel uulustry in 
suth countries m.iv lu traecJ to three causes : sc.trcity 
of sufficient technical skill; more expensive inoile ot 
existence in. these countries, with conseijueiit hij^her 
W'aues ; i-'pethcr wi‘h the lack of the most unport.int 
mineral jrociu. nccc-ss.iry lor piauiucin” enamels. 
An inciuscry whwh (iepeiuis or. skillcai hami-lahour is 
general!} not compatihle with too hiuh w.uccw., In 
proportion as tiie wages (jf ail I'l ues rise with the 
^ time.., 1 lii as the suui.iatM of hie ol the worker is 
improved, so must greater exertion be expej.)cieJ in 
order to cornoensatc I'v progress in manufaiv'ure for 
the increaseu cost due ‘o rising wages, higiter price 

IJf' 
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for materials, etc. H this progress should not, be 
cimsed by a rise, often too sudden, in the cosj of 
production, then it must be d.ue to more economical 
working. Isxperiments undertaken with lhe‘object 
of re['lacing hand-la!iour by the‘cheaper and more 
uniform working power of a machine liave, in 
contrast w'lth all other ouupations, more or less 
missed tire in the eer.imic am! enamel industry. 
Every so-c,ilh\i coating machine designed for cover- 
ii^ objects with etiamel has been up to the present 
far removed from being a really ethcicnt substitute 
for hand-l.ibour. The clithculties in constructing 
such maihines riviicule the inventive pov er of the 
e^igbieer, especially those concerned with wares 
^iiodiicCvl in mans' kimls .md ii/'s, and m part a alar 
With the complicatesi rolling motion rec|ui^;te for 
correct covering. 

It m.w, however, be premature to exclude the 
possibibtv of sooner or Liter, .'-iistnu ting a re.iiis 
sutcc'sslii! coaling machine, since '"c tir.st steps iiave 


already been taken. 

Aiuither [ircssing cjuestion, lull of deep concern 
to the interests of many firms, is tiic i^ianagement of 
the works. 

It is necessary in many firms to work in two 
sectioy», vi/,. day ami iulIu. 'Ill’s is so olwimisly 
a nuisance, that every tirm slnnild emicavour to 
woik excim vely by day, with ttie natural o.ception 
of the furnace aiiil some otiicT spcci.il operations. 
Most I ii^iiel works,'he iT inliiion of wluch dates 
back thirty to fm ty years, began^ business in a 
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way suitable to the condition of the industry at that 
time, i.e. on a small scale. By the unprecedented 
growth of our industry, it has been necessary to 
enlarge, the plant, and this with as little ilisturbance 
as possible. These extensions alw'ays lagged behind 
the increasiim demand for enamelled goods, with the 
result that in the majority of works there was a 
permanent lack of space, necessitating two shifts 
working day and night in the factory. I he masu- 
fold iticonveniences atttiched to the niglit-sliift from 
a productive, qualitative, as well as from a Ingienic 
aspect are obvious, and it is just tlicse facts wliich 
give a certain superiority to many of the more recent 
firms that work only by day. ' 

Competitors of Enamelled Kitchen 
Utensils. — According as a dclinile brancii ol 
industry is understood to be iti the ascendant, c.'.used 
hy growing need and intellu’.eiKe in ilie use ol 
common utensils designed for greater ccmvcnic lu e, 
so will the indefatig.ihle inventive spirit of man¬ 
kind ever seek to displace an older industry by a 
new Invention. 

The unexampled success with which the enamel 
industry has iisplaced the unsuit.ihle, ungaini}', 
easily broken and therefore expensive eartlieii .vare 
from the kitchen, has in turn encouraged tKhers to 
supplant the enamelled utensil W'ith purely metallic 
vessels, such as nickel, aluminium, metal-plated, and 
other varieties. On the whole, howevep. this has 
met with little success. 

A nickel v.ssel will always be a luxurious kitchen 
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utensil, and the spending capacity of the majority of 
consumers is limited, apart from the fact that the 
enamelled vessel is easily cleaned, and its ajipearance 
preferable botli from a hygienic and icsthetic stand¬ 
point. The slightest amount of dirt is detected 
with ease. 

Aluminium has gcnerallv proved disappointing, 
and has not fulfilled the great hopes entertained for 
it. More recently the proper channel for the use 
of aluminium has been discovered, wliich, however, 
is'not to be sought for in the manufacture of house¬ 
hold utensils, but in the great utility of the alu¬ 
minium .illoys for certain technical piaicesses. Sheet 
r’uminium is ]irepared to-day with a purity of 98 
rx'r cent., and exhibits among other things a peculiar 
behaviour towards water, and particularly towards 
moisture. For long the phenomemon could not be 
explained, viz. that aluminium utensils, which had 
been full of pure'"’water, were afterwards frecjuontly 
found to have undergone decomposition, forming 
aluminium oxide or alumina ; aiul in like manner 
m.my an inoftenslve bed-warmer made of aluminium 
exhibited alter a little while a perforated surface. 
These perforadons are surrounded hy little white 
incrustations of the decomposition product, viz. 
aliimina. 

* Fxjierimcnts have shown that aluminium utensils 
which have not been mo^t caiefuily dried after 
use (a partieular in housekeeping which is never 
the case), under the influence of the moisture left 
behind ami of the air, probably generate a feeble 

' 8 
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galvanic current (aluminium, nickel, or iron content 
= 2 per cent., and carbonic acid from the air), 
wheneby the water is clectrolytically decomposed, and 
the o/ygen so formed causes a partial oxidation of 
the sheet alumiiiidin, forming a white incrustation ol 
aluminium oxide. If added to this is the difficult 
process of cleaning, the small mechanical resisting 
capacity of sheet aluminium, together with the 
price, it may safely he said that no serious com¬ 
petition is threatened the enamel industry from 
this qu.irfer. 

In another direction, too, the same apjdies. To 
the degree that our industry h.is progressed, by 
virtue ol which enamelled house utensils a.e 
produced at present absolutely Irec from poison 
pleasing to the eye, durable and inexpensive, no 
noteworthy advance of the purely ler.umc industry 
in the direction of manufacturing kitchen utensils 
can be recorded. 

In addition, we have to note the versatility of the 
use of enamelled sheet or cast vessels lor technical 
and hygienic purposes, such as the manufacture of 
doc.r-plates, trade and industrial appliances, wainscot 
plates, hooks, screws, tubs, bcrttlcs, baths, wash¬ 
basins, water-closets and pipes. 

Gome Statistical iLta, taken from the book by Dr 
Hermann W uppc'-mann already cited, will best illus¬ 
trate the progress of tht industry, especially in Ger¬ 
many and Austria-Hungary. To give absolutely 
reli.ible sfattstics of a relatively modern industry, 
taking irJD account the origin of the manufacture. 
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the original methods pursued by different fijms, 
wages, and balance-sheets, is a difficult matter,, and 
only capable of partial solution. Yet every stage in 
this industry must be regarded as progress.. 

As to-day we see the ramparts of many a town 
pulled down to afford the inhabitants more space 
and possibilities of expansion, so also in the 
enamel industry, corresponding to its progressive 
development, will many a cupboard, hitherto jealously 
Ijicked up, be thrown open, v'ithout in, ary to the 
industry. True jirogress is rather to be sought 
in the training of a capable works personnel, in 
conscientious management, and in inil.isfry and the 
performance of duty on the part of all those 
’ employed. 

In the year ip04 there existed about 71 enamel 
firms in Germany, which were spread chiefly over 
.Saxmiy, Rhineland, \\ estphaiia, and South (icrmany. 
The ,;ctive capital in the C)i,''man enamel industry 
is estimated at about 2.1 to 3 millions sterling. The 
number of workers is taken in (lermany as 22,000. 
In Austria-Hungary 12,000 wo.rkers may find em¬ 
ployment in the enamel industry. ^ 

In addition a large numlier of .workers are in- 
ddrectly engaged in supplying the great demand ior 
sheefc-iiiela!, paper, chemical products, etc. 

The output of the separat.; w'orks is Lllfferent, and 
depends on the locality, nraiiagemcnt, and intelligence 
of the ¥;orkcrs. Om; firm will produce more with 
the sam,' number of w'orRcrs than another.^ bajually 
decisive for the outiput of a works is the complete- 
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ncs| of its technical cqnipnH'nt. The quantity of 
cnaiwelled sheet ware produccci per annum in Ger¬ 
many is estimated at 70,000 to 8^,000 tons. As an 
average price per kilo, of en.unelled ware Bid. is 
accepted. 

Sinpie enamel firms show a yearly total of 
/iqoOjOOO to /.4i;o,ooo, and it is worthy of note that 
there is a continual tendency to enlarge existing 
works. 

If the average t'alue of the forged sheet metal 
be stated at igs. per iC/O kgp, then the average sheet- 
metal consumption per annum for our industry in 
Germany may be pul at 70,000 to B 7,000 tons, 
with a value of about ,{,870,000 to y. 1,000,000 
sterling. 

The highest price for sheet metal was paid in the 
year iBcjo, and was 32s. per 100 kg. 

The liividend.s paiii by the larger firms vary in 
different years, and, for example, in one firm were 
10 percent. (18138), 12 per cent. (iBgc)), 8 ]ier cent. 
(1900), 4 per cent, (ipoi), 4 per cent. (1902), 5 per 
cent, (fgoa), 7 per cent. (1904). 

The number, of workers engaged m single firms 
vane- from 300a to .3000. 

For lighter work many women are engaged. The 
dangers to the worker in the enamel industry are, 
apart from the crude-ware manuiacture, insignificant. 
The aver.'ge working period is ten hours, but the 
furnace workmen arc divided into three sections of 
eight hour,3. 

The cdstoms comparisons for different countries 
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throw considerable light on the enamel industry, 
which exports a part of its produce. 


SUMMSRV OF Till! TWl'-S M'VIFD ON ENAMia.l.RI) SURKT- 
MRIAI. I’ll'NMl.S l;V Dll'HCRKNT SlA'IHS.** 
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Taxes on sheet iron when imported into Germany, 
accorviing to tjje recent German tariff of 25th 
December, 1902 (Items sheet metal ;— 

7K6. Crude, forged, turned, dressed, varnished ; 
In thicknesses of more than i mm., 30s per ton ; in 
thickness of i mm. or under, 46s. per ton. 

A comment on items 786 and 7^8 is important, 
viz.“ For sheet iron of smalk«r thickness than 
5 mm. which is cut otherwise than rectangular 
(/.c.»rolls) the tax is increased 25 per cent.” 

b'lnally, the export of enamelled sheet utensils from 
Gerniai y may be noticed. 

* Tho (.UiU arc* likewise iriki-n fioiif the woik Hr Ufrniann 
Wuppcrc.iann, tiU'llcd 7V/? /aiZ/.a/m- oj i/u' 

Ufemlis in (ji'f many. 
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The dashes in the prccetilng talTles mean that the 
rcspe'tive entries according to the official st.itistics 
canno., ,it all events at present, be given. 

We see from the foregoing tables the economic 
signifieaiix to which the enamel industry has attained. 
At the same time, however, the infere.|jce is drawn, 
that in proportion as our industry has spiread in 
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different countries, the natural endeavour of each 
government has been to protect its home industry 
by high import taxes. The enamel industry is there¬ 
fore alw.i^s compelled to capture new markets, and 
by strenuous labour' for fresh progress, for improve¬ 
ments, and for more efficient methods of working, 
to meet the difficulties of growing competition. Yet 
the greater the obstacles are, even more so will the 
spirit of invention work for the building up of our 
industry, and give always to our manufacture a new 
direction and a new impetus. In the economic war 
wageti in all departments of industry, the palm of 
victory and success will fall to those firms that study 
the modern fechni(rd ac(]uisbions, and unreservedly’ 
put into practice the doctrines of techniuil science. 
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liXTIMCT FROM THF HISTORY OF THB ENAMEL 
ARTS AND OF ENAMEL ORNAMENTATION. 

l''oR ii ci>mpli;te ujulerbt.miliim of iIk: ii.itiii.il cviiliilioii of 
tl-^ modi'i'ii fiKiiiKl iiuliistrv iipplicil to iron, :■ kiiowledjit: 
of tin.- liistoi) of oiii j)rodi;cehi..ii> in llic ciiamtl arts and 
enamel p.iiiitinp ib neeessary. 

The enainelliii-^ of inelals i? of gre.it antupiity, and the 
.!rt lull pioh.iblv eonie fioin the Scvtliiaiib, who introduced 
lit into China at tlie time of tlie Kmperor Thiiiwoiiti. At 
.ill event: the art was known in India before its introduction 
into Cliiii.i. 

The £e:epti.ins, Plnciiieiaiis, and Assyiians had already 
prepaied en.iinelleu* jewellerv, but diirinp the period of 
cl.ibMcal ctiltuie the art leiii.tined t*b'ient.il, since neither the 
Creeks nor the Romans accomplished auvthitii; noteworthy 
ill thi.i diiection. 

T'he principal producing couiitiies remained the Black 
Sea tciiitoiies of Peisia and North Indij, and from here 
the Bv/. intiiies transported the art into '»Kiii ipc about the 
eleventh ceiitiirv. The indnstrv Honrished especially in 
lt.i!v,,K,,'nLe, and Ceiui.il (deimaiiy. Already the Mero- 
vingi.in :poeh cont.iined rhe rudiiiumts of a primitive art of 
eiiami iltiig hron'/.e uti nsils in By/aiuine fashion. 

It mat'ail- he adirmed tii.it up to the above period 
the ciianu'l arts bcloMj^cil U)» harhauc civilDtatMn, while at 
this rime the Indians of tlie Puiij.iub and the Persians 
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created truly masterpieces. These were the Sikhs of the 
Pimjaiib, will) employed enamels in the artistic crafts of 
Central India. In Lahore, the capital of Central India, 
the criidi enamels were prepared from most remote times, 
and to-daV these are .vain to the Indian artists in Djeipour 
and other places. I hese latter understand how to prepare 
truly artistic enamelled utensils, but not the crude enamels 
themsehes. '[’he artists of Lahore, Benares, and Lucknow 
still enjoy ereat tuithoiity. 

In perfection these enamels were only eoualled by the 
French, and but partially excelled, as we shall learn trom 
the tollowiny, short history of the enamel arts and enamel 
painting. 

rite original [iiocedure for the preparation of artistic 
eiiannlled utensils wa. the so-called “ champlevage.” For-* 
tions of metallic objei. ts were excavated, the intermediate ^ 
parts thereby weakened were shaped into ornaments, and 
the cavities filled with dilicrent coloured enamel.', which 
were then fired. After cooling, the. object W'as ground so 
that the inct.dl'c edges appeared as the laitline of Lhe orna¬ 
ment. 'I he “email chaAipleve ” was principally used in 
Rhineland and Limoges. 

'I'he second mode frequenth' employed, which at present 
has ahno-t been lost, is cliaracteiised by the enamels being 
in cell' each coiititining several colours, whicli were formed 
into eeoiiieincal 'igures, unless the intermediate spaces 
between the separate coloured enamel cells- liad been formed 
by rneiailit strips. 1 he most antique objects dis'ioyered, 
made o‘' enamelled bron/.e, W'cre princip.illy equestrian, etc.' 
Next '..’ere lound in lH66 artistic enamelled bottles in 
ca'.ibasb form among the ruins of ancient Finguentum 
(jo siti. fro-n Trieste), with ..medallions of Antonins the 
Fioui(i,.iH‘ ibi). 



Appendix. 


123 


At the begijining of the fifth century the barbarians 
overrunning Europe introduced another artistic enamelling 
method, viz. the “email cloisonne.” The ornamentation 
on the metallic surficcs was made with metal strips^ which 
were soldered or gummed on, and the spaces filled with 
enamel, thus obtaining a brilliant mosaic. As the most 
antiipic exam|)!(. ol this art may be mentioned the sword 
and jewels of Childeric, king of the Franks (465-481), dis¬ 
covered at Eournai in 1653. 

'I'he “email cloisonne” was in the possession of certain 
faijiilies during the Middle Ages, and was then known as 
“electron.” Justin 1.(518-527) sent to Pope Hormisdas 
an enamelled lamp [tyii'alam rMh nuim). 

We have to thank the monk Theophilus,* who lived in 
the eleventh century, for many valuable historical communi¬ 
cations respecting the art of enamelling. In his work 
Theopllihl^ is also designated Rutgenis, whereby the theory 
of certain arcli.rologists appears confirmed, viz. that a 
portable alt.tr, worked in silver, which is to be found among 
the c.itliedral treasiii* at Padeiborn, had been finished by a 
monk Rmclieuis at Helmarshau'eh in Franconia about the 
eleventh centuiy, who mav be the 'I'heopliilus mentioned. 

To the most antitjne objects of the “email cloisonne,” 
which are, together with the majority at this period, of 
Pivzaiitine origin, belongs the tamous iron crown of 
Theodolinde, crowned queen of Lombardy (a.d. 625), now 
in possession of the Cathedral of Mi nza, near Milan. 

'I'he shrine relics of the I'nie Cross in the Church of 
b\ (icoiee at Limburg (Nassau) are among the mo.st famous 
of the enameiled gold vessels. The following also belong 
to the cleventli centurv : the c'ght valiiahle enamelled void 
plates which were discovered jii i860 while ti'Jing a field 

* Divi.!'iai u)ii o> (lum s,}imu!ci. 
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in Nyitra-Ivanka, iu the Ntutracr Comitat, in Hungary, of 
which seven are to be seen in the museum at Budapest, 
these probably constituting the remnant of a crown ; and the 
ligurcs Of Constantine, Emperor of tlie Romans, also of the 
Empresses Theodora' and Zoe, daughters of Constantine 
VI 11 . 'I'he crown of St Stephen in the castle at Buda¬ 
pest, which was presented by the Emperor Michael Ducas 
to King (}e/,a 1 . of Hungary (a.d. 1077), belongs to the 
most noteworthy of the Byzantine enamelled works of art. 

It may be mentioned that the liv/antine enamel artists 
were familiar with white, ifery-red, biown-red, deep-blpe, 
grn n, and blai. k enamels. 

In Germanv the Byzantine art was introduced under 
the reign of Otto II., son of Otto the Great. Otto II. 
married in 971 Theophanie, a daughter of the Roma'., 
Emperor at Bvzantium and granddaughter of Constantine 
P Orphiprogenetus. To tile most antique art vessels of 
this period belong the three gold cruciiixe.s in tile church 
at Essen (.ilro.idy of German origin), which show insufficient 
technical knowledge. Henry H., llie ilaint, encoiuaged the 
art of enamelling and brought it to a higher perfection in 
Germanv. About this period we meet for the first time the 
expression “smalture ’’ for enamel.* According to Littre, the 
name “ email ” or “esmail” is derived from the Old High 
Gcriiun “smelgen,” “smalt/.en,” or “schmelzeii.” The 
Geimaiis were tliu fiist to enamel copper objects in place of 
gold, whereby the art was greatly extended. At the same 
time the tedinic|ue of tlu “ email champkve ” was si-imlified, 

Th'i difficulty of pieparing certain parts of tlic body in 
enamel caused the German ailists to execute tlie head, 
leg., and hands of figures in metal, and only articles of 

* 'ike Itfi. '<] Leo IV. ((.icihih. ct uunganli;> u. c. snialtis 
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clothing in enamel. Yet a further and later development 
caused an economy in metal for the whole figure, only tile 
exterior being filled out with enamel (see the church 
treasures in Bamberg, Cologne, and the so-called oCiuelph 
jewels, etc.). From Cologne the new Rhenish art spread 
from France to Verdun, where at the beginning of the 
twelfth century a celebrated goldsmiths’ school was founded. 

This school belonged to the famous Nicolas of Verdun, 
who, in the College of Klosterneuburg, near Vienna, pre¬ 
pared the altar-cover or antependium in li8j, which was 
recast in the fourteenth century into an aiur-toiu* About 
the time of Nicolas of Verdun the development of a 
specific French enamel art took pl.ice (the so-called school 
of Limoges).f This .school rests on tlie Rhenish technique 
(t',hamplcv.ige), -.ind from now onwards runs p.iiallel with it. 
jAs an exam[)le of this period may bt named a plate sliowiug 
the vision of bt Francis of Assisi, in the Louvre at Paris. 

The enamel arts of the goldsmiths at Limoges continued 
to grow in importance, the artists of this town being 
summonw-l to Englttid and other countries. This French 
school soon confined itself to cnnmelling the fonds (b.ick- 
grounds) of artistic vases, while it di sorted the rt.al gold- 
smithing, the artistic execution of figuies in gold, and 
quickly conveited tlie art into an indiistiy. 

I'lie cloisonnage of the enamel, which qn account of its 
technique gives to ornaments and figures ceruiii uiigainli- 
ncss and imperfection, was, after an interval of a century, 
fiist syinrianted by the daiiitv, aitistic, even if expensive, 
champlevagc.” This revival is ascribed to the ait of John 
of Pisa (1250-1358). Fiona ftaly the ait of the “einai' 

ft 

* G Hv'dcr, The ■ lof ' af KL m 1860. 

t Giunit'r, dt* h tl de /'; Emili 

Moliniei, T>tittonudire des En xiUeuts^ 1S85. 
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champleviJ ” made its reappearance in France, Germany, 
and,Holland. Proof specimens are to be found in the Bene¬ 
dictine monastery at Maibingen, near Nordlingen, in Bavaria. 

As ferther technitpie, the translucent “a jour cloisonne” 
technique must be mentioned. 'File most antique works 
of this species are found mentioned in the inventory of the 
Vatican (esnia/ta c/arti, csmatl/io jvr quod viditur dies). A 
beautiful goblet of Cosroe 1 ., king of the Persians (a.d. 5 ~q), 
may be mentioned among the oldest discoveries of this art. 

F'inally we come to the last variety oi the artistic 
enamels, viz. to the enamel covering on previoinlv worljed 
metallic objects, from which art our present non enamel 
technique has finally evolved. 'Fins artistic enamel first 
appeared in the fourteenth century in b ranee, Crennany, 
and Italy. In the cli.ipel at Alt-Oetting in Bavaria 
found the so-called “Golden Russel” (steed), a magniiicenr 
specimen of this art. 

The gradual decay of the art ot J/imoges in the 
preparation of “ email champleve ” began in the fifteenth 
century. Forced bv adverse ciicum^i.inces, theiartists 
discovered an enamelling piocess which would resuscitate 
the Limoges school and its art to a new hie.* 

'I'he masters of fdmoges soon undcr.-aood how to impress 
upon the artistic trade engaged in preparing en.iniel piituies 
the stamp of true art. File most famous rejirLsent.ilives 
in this movement were Nardon Penicaud (tS^q) and Jean 
Peiiicaud. 

About 1525 the art of enamel painting leeen'cd a 
furtiter impetus through the so-called “email in grisaille.” 
This simple process permitted the best artistic eilects to 
be produced, .ind consisted essentially in thaj a thick 
black enamel layer wa.s fu.s'ed. upon eiich.ised and cleansed 

* Claudius I'npciiii,/.’all/ilr/’jEwiai/, 1E6S. 
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Copper objects, on which substratvim a thin layer of white, 
Snely powdered enamel was placed, which after drying 
allowed the black substratum to shine through. 'The de-- 
sireC pattern is tiaced on this surface and the \elu4, enamel 
round the contour is scrarched awav' l»v means ot point, so 
that a kind of gray silhouette was obt.iined, which was once 
more burnt in. Afterwards the artist puts on more white 
enamel accoiding to the retpiircmems of the seveial parts, 
and so magnilicent plastic figures or designs are obtained. 

Among the most famous grisaille artists are rhe membeis 
of the J.imosiii family: Ijcoiiard Liinosiii '.\.l). 15/6), 
l/Coiiaid II. and Kraiienis Limosin (4.11. itig'i) ; further, 
the Noualllieis, \i/,. I’lerie Nouaillier, Jacques Nouailher 
(A.ri. 1674), Picire ll. Nouailher , ag.am, I’lerre Reymond 
11(0.1). 15X4), Pieire Com leys, Noel and Nicoias 1 . audio 
(.\.i). i6S.>). 

A kind of enamel painting coie ists in cou-n'iig a copper 
[ilite with w'hite enamel, and decorating it before br.uiding 
with pulverised metallic oxides. After firing, pictuies are 
prodiicci' similar toithose obtained in fneine, using a hotter 
fire. Painting on eii.imel dceo'*ised towards the end ol 
the seventeenth ceiitiirv, but acquit; d new lif under Louis 
XV. I'lie priiieipai artists of tills piiM.l an Aiibert, Idot, 
r.'tnii.iv, ). H. Wevler, the L nglislmi.iu Sikes (1752), 
Chodowierkv, rhe famous (Iraveiii (,\.o. iH.ii, in ISirlin), 
Ziiicke of Dresden, Jeremias Meyei, tiom rnhingen 
(a.i). I ySq), and Collins iium l,oiidon. 

Ln^iriel painting in other eouiitiies allords no special 
Steins ot interest up to the eighteeiiih centuiy. 

In Italy the art flourislutl in Floienee, and is 
china; telisi'* hv a sjiecial de^igll of ve'sel. In (lermaiir 
the once floiiiisliuig art d^e.ived stronglv hi Cologne, 
although we meet iii the eighteenth century the note- 
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worthy works of the Augsburg and Nuiembcrg enamellers 
(collection in the Museum at the (jreen Vault in Dresden). 
As representatives of this period Melchior Dinglinger 
(a.d. 1731) from Ulm, Wenzel Jamnitzer (f5o8-J58()) 
from Nuremberg, Christof Jamnitzer (1 563-1618), Hans 
Muelich or Mielick, and especially David Attemstctter 
from Augsburg, ileserve mention. I’he enamel pictures 
are usually inferior to the French works. In Vienna 
worked Ph. H. Schindler from Dresden (1770), the 
Director of the Imperial Academy, who pain'er! chiefly 
Tahatihcn. There mav still be mentioned Jacob Bodmer 
from Nottingen (a.d. 1829, at Vienna). 

In Spain enamel painting .ind art develoiied under 
difficulties, while the English enamels attained high credit ; 
the enamel works at Battcrse.i, founded bv the Frenchman 
Etienne Fhdodore Jaii'sen (1753), pioduced prominent 
works of art, characterised by their eleg.mt design and 
the purity of their enamels and ornamentation. "File 
English were the iirst to use the rejirtniiiig process for 
decorating purposes,* in Batleiseti, Wn'icester, and St.aflord- 
shire. The :irt of enar.,L!ling experienced a new impetus 
itt France about the middle of the nineteenth centiiiv, at 
which time Augustine (a.d. 1832) deserves metition. 

'1 hanks to the encroachment of the national manufacture 
at Sevrt,s, the ha'f-forTotten art tpf Limoges has been raised 
from the de.ul. Single artists of this period, such as 
Mc)cr-n(ine, Paul Avisse, and Apoil, direcflv rendered 
eminent service. Apoil was the first to execjite real 
master[)ieces of the enamelling art on an iron substrariim. 

Among the more recent French representatives of the art 
are Christofle and Falize, also Fhesmar and James Tissot. 


K. Moliiuei, 1^91. 



